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GENERAL    SUMMARY    <>l 

"  THE     INK    OF     MAT  I  I  K 

Tin.  work  is  in  three  sections  : 

I.    Tin-  rln  lineal  «  l«  ments  and   tin  ir  changes. 

Hu-iits    on    .Lin.  nts.    illustrating    actions    of    mechanical 

Btri  it.      IlLTllt.      ph\  sleo  chemical.      elect  P.-  I  liable  t  le.     and      Cither 

i  the  stars. 

lit  ion  I-  Inn,  nt   :in.l  (issue. 

I  h.r          I  >  •!  u  in  and  natural  selection. 

1        '   "''  •  ncrgy  —  its  conservation  and  dissipation. 

disrnssi«.n  mi  rrlatn.n  ••!'  Mian  in  nature. 


in<|inry  |>r<>|><  r  ooiMidcTs   the   in.  td-xls  of  search,  states 
tain  d<  timti.'iis,  observes  certain  facts  .  lay  expt-ru  nr«  .  and, 

•r  LMXIIIL:  a  simple  introduction   into  thr   inrtlnwls  of  nmnl)ers  and 
'istirs.  proceeds  to  thr  actual  proof  that  man  is  an  active  being. 

8.  This  conclusion   being  established.   \vc  then   enter  upon  some 
apphrati-.i  t\  m  such  mat  ten  as  the  cancer  prob- 

Irm.  the  suhject  of  mlaiit  i  .....  -taht  \  and  health,  the  out  lines  of  elemen- 

tary education  ;   concluding  with  a  simple  cxprrinu  ntal  proof  of  the 

1     that     those    Mil,  st.,  ..u»ht    dead    an-,    m    ruahtv. 

\     at  t«  nipt    is  made   to  elaborate  these  sul-  'ail. 

hut   to  concentrate  attention  upon  the  essential  |*.mt  in  each. 

The  Prussian  idea  of  Force  is  shown  to  be  in  contrast  with  the 

more  Mntish  idea  of  Actix  its   :    which  is  ilrstnird  to  r.  main  and  tinallx 
'   the  in.'tv  n-i.l  and  intellectual  conception  of  the  Continent. 


\MM  Till.    LIFE   OF  MATTKK 

The  work  purports  to  supply  in  illustrative,  though  sketchy. 
form — a  reliable  guide  and  insight  into  obse  i -\  at  iuual  method  and 
experiments.  It  attempts  t<>  interpret  t he*  general  body  and  hearing 
•  •I  the  more  iui|Mirtant  principles  of  knowledu"-  t"  the  average  young 
man  or  woman  entering  <-<»llc^c  or  naturally  keen,  and  to  provide  a 
stimulus  to  ;m\  ordinary  individual  desirous  ..!  understanding  I  In- 
widespread  applicat ions  of  modern  science  to  the  necessities  of  real 
hie.  It  endeavours  1  M>t  h  to  appreciate  past  workers  in  then-  results. 
and  also  to  suggest  fresh  fields  for  inquiry  and  discover \. 


Tart   I 
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Two  valleys  .  .      A  „.«•  between,  a  mounUin  hartlly 

surpassnltlr. 

<>M«-  <.ld,   pleasant,  fair,  find  narm* . 
unplr,   !>ut    slimu<i«|    n,    mist. 

we  face  the  mountain  side-,  risking  false  summit  upon 
false  summit-  for  one  fresh  breath  t-.r  OM  k'limpte,  of 
that  amplrr  valley. 

Is  it  worth  itt 

Ay,  together;    haixi    t..   hand;    humlilr   as   little  children  as 

wr    jrr-.pr    a     uav     up     thr     l.a.ustrr,     to     IM,!.     ,f  m, ,  1 ,',  :,IL:. 

falli.,-.  i-rxinp  rx«r  m   tlu-  darkness  aOer  the  Light. 


THE    VALLEY 


i'i  KV"  i.u.l.    tin     \  t..  tl..    man.  "and  cfti»t  \.Mir 

tin   \.ill.  \  \  ..ii  ar. •  .-ii.. .ut  t..  i..i  ....         \\  'iat  nee  ye,  say  ?  " 
I!  -1.    th<  re  was  nothing  but  a  murk  and  fog. 

Aslant  it   rolled  L-reat  banks  <>t     louds,  seaward-dm.  n  l.\  the  wind, 
hiding  downwanU  the  view  and  what  was  therein  contained. 
times  thr  vapours  rolled  across  tin-  VIM-MI.     At  the  seventh  he  called 
sud.i  I   MC  'I.  irk  MOSS." 

Look  again,"  said  tin    C.mde. 

Once  more  tin  clouds  swept  over.  At  length  he  said:  "  I  fed 
tlu  an  strike  upon  my  cheek.  The  darkness  parts.  I  see  a  form, 
ii<>t  «T«  ••!.  eraulniL'  ""  mud  and  sand.  It  disappears.'* 

\\  \t?"  quoth  the  (in 

I  N,  ,  ni  to  see — yes,  a  figure,  hunting.  Or  is  it  a  shepherd  tending 
his  sheep?  I  cannot  clearK  diserrn.  for  thr  MSI. MI  is  afar  off.  It 
vanMn-s.  An.  u  I  iee  seed  in  the  ground  near  by  a 

wooden  hut.  in  tr-Mit   . .f  which  sin.. ul. l.-rs  a  fire  of  logs.     The  bank 
lifts  again.      Thr  hut    has   nniltipli.  <1.      I    n<»t<  -a  village.     The  mists 

eolfe 

(  .in  \"u  drsrry  nothing  more?" 

Yrs  ;  then-  I.MMMS  up  a  city,  set  U|MUI  crn^.  with  l»»fly  and 
stern  pillars  of •  stone,  and  a  pns..n.  A  f«-\v  men  oom  out  bearing 
the  l>ody  ->f  a  man  fr.Mn  within — an  elderly  man.  ..f  whitened  hair. 
I  |  eddy  and  wreathe  away." 

\\ 

\  man  elm^in^  np.»n  a  cross  of  wood.  Near  beside  there  leant 
a  soldier  upon  a  M,> 

I  see  the  ocean  and  a  sail.  It  approaches.  Upon  the  poop, 
alone,  there  stands  a  man,  bcck..mn.r  westward.  He  disappears  on 
int<>  the  sunshine.  Again,  there  sho\ss  ..n.  dressed  in  the  garb  of 
a  in  -nk  11  takes  a  book  from  the  hand  of  a  printer,  deciphers 
and  unclasps  it  to  the  view  of  the  many.  Ami  now  pass  many 
figures,  crowded  mansei,  flitting,  lingering.  Stay,  there  ii 
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lad.  Hi-  sits  I.,  side  a  kitchen  lire  and  L::I/<  -s  ml,,  it.  I'pon  the 
fire  is  a  kettle.  Steam  streams  from  <>ut  the  spout.  The  lid  of  it 
panto  up  and  down*  He  watches  it;  he  \\atehes  it  intently.  This 

pietnn    is  s,,  el.  at-  !  " 

in  !   I- .ok  in 

valley  obscures  with  smok«  .  and  then-  arises  a  noise  of  many 
wheels  and  IO..IMS  and  engines,  the  sparkling  of  light.  Yet  does  the 
darkness  deepen.  And  out  therefrom  the  roar  of  forces  and  the 
clanging  of  hanuners.  And  stop  !  harken  !  I  hear  the  sound  of 
men  and  Women  <T\  m<;  silently." 

II     turns   to    th<-   Leader.     ;-\Vhy  so?     Tell  me  why  so?"  he 
Tell  !" 


Throughout  the  valley  are  two  parties.  Kast  and  West.  The 
leaders  of  the  East  have  said  :  "  Thou  shalt  not  kill.'5  The  leach  is 
Of  the  West  have  said  :  44  Thou  shalt  kill." 

Let  us  therefore  lay  hold  on  the  fringes  of  the  ample  folds  of 
Western  knowledge. 

Western  men  have  imaged  two  things.  The  earth  with  its  con- 
tained bodies — iron,  copper,  silver,  gold,  coal,  and  salt.  The  roll  of 
t  he  si -a.  The  fleecing  and  gathering  clouds.  The  twilight  of  the  stars. 
These  are  more  or  less  solid.  They  appear  dead  to  Western  man, 
for  by  the  aid  of  the  chemist  he  resolves  them  into  various 
44  elements."  One  thing  ! 

Then  he  sees  the  plants  and  the  animals  on  the  surface  of  the 
earth,  from  the  blade  of  grass  to  man.  These  he  terms  44  tissues," 
and  regards  them  as  alive.  Another  thing  ! 

i  '  us  briefly  consider  Western  man,  both  concerning  element 
and  concerning  tissue. 
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-I   l:\  .,v     | 

I   I.I   Ml   \l  M.     M  Ml  , 

I       i  Mai  i  ..linn:'  'iiisU  consists  at  present  «.f 

tin. «  n-prrs.-ntat  i\  M  :  '"  tin  I'rnN  «1  States,  on-  Hntain. 

i  I          i-  <I.M'  -I  fl.«-  names,  abbreviated  signs, 

an. I  Cfttin  !.iti\«    \v«  i-l  Is  kii«.wii  111  I   -IT 


SuhaUnO*. 

SynilH.I. 

SulMtanoe. 

Symbol. 
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Hi 
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Co 
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Se 
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H. 

Selenium                         T'»  J 

8e 

1  »,:i  :, 

.'s  :; 

Si 
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h 

1 
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Fe 
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Tb 
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Substance, 

SynilM.l. 

Substance. 

Symbol. 

Thallium                 .     2040 

II 

Vanadium               .51-0 

V 

MUM 

•n  .        .         .     i:1."  j 

X 

Thulium                            MiS.". 

Ntl.'.l.mm                    .        1, 

Yl, 

MS  : 

Sn 

N  tin.  MI.           .                   88-7 

Y 

Titanium        .                 ^  1 

Zinc       .         .         .       66-37 

Zn 

TungHten                        1*  Hi 

\\ 

Zirconium      .         .       IHMi 

/., 

Uranium                  .     238-2 

u 

Fio.  1. — Water,  coal,  sand,  and  salt. 


These  elements,  the  labour  of  the  chemists,  are  eighty-three  in 
number.  Each  has  its  own  character.  The  gas  hydrogen  is  the 
lightest,  the  white  metal  uranium  the  heaviest.  The  blade  of  our 
pocket-knife  is  hard  :  it  is  of  "  iron."  The  metal  cooking-pot,  if 
made  of  shiny  aluminium,  is  light.  The  glass  of  our  tumblers  and 
windows  is  brittle  and  translucent:  it  is  of  "silicon."  And 
the  liquid  in  our  garden  thermometer  is  bright  and  motile  :  it 
is  of  "  mercury,"  the  one  metal  liquid  at  an  ordinary  room 
temperature. 

The  substances  most  widely  distributed  in  nature  contain  a  very 
small  number  of  elements.  Water  is  formed  by  the  gases  hydro- 


ELEMENTAL   MATTi  0 

gen  and  oxyg*         I    «•  commonest  elements,  according  to  I)imtr\ 

Russian  chum   ' 

1 1  t/drogcn.     In  water,  find  animal  and  vegetable  organunu. 

rfcon.— In  organisms.  coal.  lim.-si.,n«  i, 
\itrogen.     In  an  :in.i  in  organisms. 

Oxygen. — In    air.    "at»r.    rarth  :     I'.jmmu    th«     ^nat.i    |wirt    of   tin- 

mass   of  tin     rarth. 

SotHum. — In  common  salt    :iinl   in  mam    nun'  nils. 
llnniininrn.       Ill   mi  licrals  and  da 

s  Ham. — In  mid.  nnii'  .<!  day. 

l*husphoru*. — In  bones.  .«-J..     <>t  j.i.mts.  and  soil. 
s     flint.      In  p\iitest  gypsnm,  and  in  sea-wat 
Chlorine.-  In  opmmoo  ullt,  and  iii  iln-  salts  of  sea-wnt 

/'    -.issium.      Iii  mim-rals.  ashrs  ,.|   plants,  and  in  n 
, mm.      In  Imu-jitone,  KMIS|""-  ;il|(|  "'  "r^anisins. 

/    n.     In  tl.r  rartli.  iron  or«i,  and  in  organisms. 

At  first  si^ht  tht-  i-i^lity-tlin-t-  drinrnts  st-rin  a  |»  rtVrt  jnmhlf  «J| 

lists   hkr    .1.   A.   H.   Nrwlands  (1888-1898) 

I      'land  and   Italy,   Lccoq  de  Boisbaudran  ..r  France,  and  Lothar 
Me>  ied   to   establish   some  harm n     ..nt    <>f  t)i< 

UNI;  rlui«>s  ;    \r\\lamls  r. 'iiiparing  the  elements  thru   kimwi. 
t  In-  IP 'tfs  of  a  piano-seal*  .  «  \  •  r\  ri^ht  n«>trs  and  «  \ 
m  \\.  i-ht  l)t  injr  repeated  as  in  an  octa  ..n.   m  t..n» .  tl>.     thrr 

liMjualitx.      I  t  was  SOon   not  irrd  that    tlir  r|«  in.  nt  s   lit  i 

natrinm.  al'trr    th«     G  M        -t ash.  80.  niliidiiim.  85. 

•mi.  1:1:1.  and  thallium.  _<ii.  though  diff*  rmt    in  weight,  are  not 

iinlikr   iii  diararti  i.   !•« -inU'   \vliitr    mrtals   with  a   tastr  akin  to  Iwking 

soda,    and    roinliininL.'    with    the    acids    to    t..nn    rr\  st  a    culK- 

shai 

Hut   it  was  resci  \  •  •  1  i<>r  Dmitry  M.n.l.lr.ff  -i   Russia  to  arrange 

thr    substances   into   SUch    a    sr<pirlirr    as    to    pn-dirt    t' 

rlrnii-iits   n.it    \  :cd.     Thus,    picking    out    t\vtl\«       Irinrnts 

urn.      hrominr.     ralrium.     ra  simn,     rhlonm  .     tlu«irnir.     itnlmr. 

nun,     potassium,     mhidiun.  nn.     ami     strnntiiini-  and 

setting   them   d<»wn   upon    paper   in   ordrr  ot"   \\nL»ht    and    ifl    \.r? ..  .-.: 

groups  of  t 

I  (  I        :«:,.  Hr    =80.  I           rj:t 

Na=28.  K        :«•.».  Rb  .  85.  Oi        l:«:t 

J  Ca  =  iO.  Sr        SN. 

1)  Hi.            I)  n;.            I)  is. 


10  TIM.    I. Ill      OF    M  \TTl.i; 

We  n«»te  lirst  that  the  elements  of  the  first  group  are  separated 
from  the  dements  of  the  second  Lrnuij)  roughly  by  16;  those  of 
the  second  from  that  of  the  third  roughly  by  46;  those  of  the 


Fio.  2. — Dmitry  Mendelteff,  Russian  chemist. 

third  from  that  of  the  fourth  roughly  by  48.  And  associated  with 
this  number  repetition  we  find  a  repetition  in  the  qualities  of  the 
substances  :— 

1     The  first  horizontal  row  of  substances  show  a  colour  and  density 
sequence  :— 
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Fluorine    .  <.r«  «  n  h-jht  gam. 

(  in  Y«  iiow  gas. 

nun.-  Hio\Mi  liquid. 

tali  I'nrpl.    solid. 

9.  ThcKcroh.l  h..n/..i.tal  i..u  .IT.   ii..   \shitcftodametaift. 

8.  Tli<  tlimi  I.  ..i.  <»w  arc  known  AS  the  alkaline  earth*, 

such  as  magnesia  and  rhalk  m<l  .  • 

\  -I  in  1860  M  arranged  all  unnts  th.  n  known, 

•ion  between  the  elements 
in  \\.  iU'hf  ami  i.l  ijii.il1  he  wa-s  ablt 

pivdirt     that     rlrm.nts.    oth.i     than    tin     «.Hrs    tlirtl    known,    Would    be 

diM-..s-  ill  the  gaps  in  t  i  <>t'  th.    <  lenient*  —  a  prophecy 

-M-i|iinitl\    \«  i-ilinl    l.\     tin-   timl.- 

u  illiuin    in    I  i  nice    by  Lecoq    de   Boisbaudran,   and 

scandium  l»\    NilU-.n  in  .s\\«.|«  n. 

I  •  inn.  Hi  ..I'  the  «-|.  -in.  -ills  \M-lds  us  van.  MIS  substance*.  The 
i  silt  of  <>ur  tables  arises  from  th.  union  of  a  soft  white  sul>- 
soda,  and  a  gr«  msh-\<  How  gas  of  pungent  and  acid  smell, 

|u<ntl\   us<<!  in  hattlr  t.>r  th.    jMHsomng  of  human 

I  ral  Mam.  -irochlorii-  acid  is  H(  I. 

//  'inm  tind  luidium.—  Tin-  "l<|  alch(  mists,  sensible  of  some  deeper 
unit'.  .runts  ..t'  th<   «  1,  m.-nts.  tried  to  change  and  transmute  Inul  int<> 
l       <  <ail>  <  f  forts  broke  down,  hut  more  rect-  nt  I  y,  m  tin-  change 
the  body  radium  int..  th.    h.-ls   h.  hum.  they  have  been  proven 
prophets.      Thus,  to  sk«  trh  this  hi  ,rna  of  helium  and  radium. 

tin-  first   tin-  diso>\,  :  \\  .   t  lie  SCCOll 

Hdfrm,  Radium. 

^68  JaoMeo  and  Lockyer  view-          In     lsi>7    Niepoe   de   Seini    Victor 

.in.uii'l  th.-  •HUM  "I...MI.J  .•  observed    that   MdU   of    unuuum   eo- 

"  "iaffcade  by  a   l-iu-l.t    \.-ll-.-.\    line,  closed  in  a  tin  oaee  left  imprenioiM  on 

And  beoftuae  there  wan  no  hn.    lik.-  it  n  photofntiphio  plate,  even  in  the  da 

,«  of  earth.  h.  189S  Roentgen  in 

vor    gave    it    the    Greek    name  with  a  Oookea*  tube 

"  hrluiin 

-lie    star*.     Thirty    yean   elapeed          Beoquerel,    in    experimenting    with 

e    aalta    o 


re  it  wan  foun.l   •.(..,,,   t)ie  earth,  the    aalta    of    uranium  —  which    ware 

American.  Hillebrande,  aaw  that  phaephotveoent^obeervedthaicnnrtab 

1  1  devite,  a  mineral  rich  in  of  the  double  sulphate  of  uranium  ami 

element  unimutn.  uh.-n  heated  or  pot*«h  left  an  impraavkm  on  a  photo- 

olved.    gave    oft    murh    ga»  ;     he  graphic  plate,  even  in  the  dark-  an 

i>t  thin  gaa  was  nitrogen.  action  likr  that   of   X  r*\.  iravrllmg 

Ramsay    procured    some  from  substance  to  pUt<\ 
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(Aftfr  Oft 

Fio.  3. — The  solar  crown, 


iilf  of  Chicago  rrr**. ) 


crown,  photographed  by  the  Yerkes  Eclipse 
Kxp«-,liii,,M.  May  28,  1900. 


(After  Oeorye  EUery  Bale,  in  tf,e  I'nirrrtity  of  Chicago  I'reti.) 

Fio.  4. — The  sun's  chromosphere  and  prominences. 
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and  examim»l  .»   ...  the  belief  Then  ISohmidt  and  Madame  Curie 

the  ga»  from  r               tie  argon  found  how  the  body  thorium  fives 

gas  alrea<i                                Ngn  out  a  aimilar  action;    the  eame  for 

KI.-.                  •    it    i- 1  n..t  eaem  potash  (Campbell). 

trie   examined    many    si 

then  examined  it,  and  fo> ii><  I  <  ••»    '»o*   action,   and   fbui> 

lenient  Ntrtmg     ...     ,..«..•.  M,,,,l,     •   , 

It, lit.  l.tl    •   l.,il.  •    .:'. 

t    artificial    ohalcoHta, 
ati'i  ml  mineral  ehal* 

oolite  wee  about  five  tlme»  an  active 
a«  the  artificial  product.     There  wen 
somethinf,  theref ore,  within  the  natural 
nieraL     She  iaolated  UIM  •«iUuux» 

i     u-st  ituth'  n»rd  an-:   I  S      i)  th«n  r.>m,d  that  radium 

Ms  the  bright  \ell«iw  hue  of  h<  hum.      These  two  «  l<  mcnts,  fortncrU 

thought    diff.  rent.    ha\«     f  ileseeti   into   one.    just  as   t 

pictures  hit  nd  111  the  In  th.                     R            ..rd.  we 

arc   witnessing    in    the    radmactiv.  .;          -{    ventahle    t  raiisj,  -rinat  i  •: 

Other  siihstaiices  change.  th-.iiL-ii  imt  s<>  far  as  from  element  into 

eli -nu-iit  :   just  as  a  ^<*Miaii  caii  doff  one  dress  and  tion  an>  I 

Stance:    tin.  phosphorus,  and  earl. on. 

.     Till  has  two  tot-ins — common  white  and  grey.     A  remark- 

incident  h  a  «piantit\  of  military  buttons, 

>istuii;    iuaml\     of   tin.    w.re    d«-li\ered    l.\     the    niainifactiirer  and 

placed  in  st  the  next  ollicial  UlSp  «  t  ion  the  hnttmis  had  IMT..III.- 

less  mass  of  grc\    p«»wii 

I     .    tin   had  el  f    and  ft]  I  «  h  ct  rie  eomht  mn. 

The   famous   pi  •  emist.  .1.    II.    \an't    I  loll.  d.  scnlnMl  t  he  change 


I  ID  tin-  I-  fin  in  which  I   ask  your 

uti.-M  uas  dis,  ,,!,-   ;tL'         '        I'ul  historical  mvestigat ion 

d<ni..i  that  !l«-    was   aequaintc<i    with    the 

t     \\  JIMS,      <   \;  lipMI^'ht    tO    Hgli- 

.in.. M   tin   is  ca|>al>l<     .  .1    undergoing   a  profound 
nil:'-     which     amounts    !  mplctc      :  I          pHMlin  ' 

this   el  \\hich    we    shall    learn    later,    cannot    be 

c\hll»ltcd         t-  .Hid        I        IllUst         thel-  ••lltcllt        IllXself       b\ 

showing   a    photograph    «•!    a    :  tin    which    is   undergoing  this 

nsformatioi         I       unpn -sxion  which  .  \.tnnnation  of  this  pieoe  of 

tm  makes  is  that  .t  which  has  been  overtaken  by  some 

disease.    As  a  matt-  •  t,  mdceil.  the  phenomenon  has  this  m 


u 
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•••ird  London  JV 
Fio.  5. — Tin  coin,  obverse  and  reverse,  struck  with  tin   tin-pest. 


Fio.  6. — J.  H.  van't  Hoff,  Dutch  chemist. 
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i-.. in  in-. ii  uith  disease,  that  it  is  contagion        \\      •.  ih«   phenomenon 
rvhil.it  s  it-<h,  as  it    --.n.' times  doe*,  in  tin-  |>i)>e§  of  church  organs, 

«<|U«  ntly    a   gOOd    plail    •  -»Vr    tin      ohjrrts    uhirh 

becoiiK     ini.-i -t.-.l        l  'ration    int..  a    •_-•  v   powder,   \\lu.-h 

rogress  of  a  |>roceed«  graduuily   until.  r«|>ecuUly 

in  the  case  <>r  thin   i,.,,h,  s   hk.    .,tL»an   J»I|M -s.  th<    -.Ljc-ct  has  been 


(Afitr  J.  //.  fm'l  A«j0r.  in  (A*  r*i«rr»Uy  •/  Cl<n^>  fNM.) 

Fio.  7.— Tin 


•U-trly   destroyed.      \\Y    must    n  |     to   add    that,    in    spite- 

Mr    a|>|>ratanr<  s.    (h-      .-l-u,-.-    is    not     diir     to     th<-     intluencc    of    the 
atmosphriv  or  its  nioisturr.      On  th.  '\,  tin-  tin  undcrgoc«  the 

^c  all   by  its,  li\  JUKI   the   \i\  luct    has  only   to   IK-   heated 

dcr  that    \\ithoiit    chanirc  •••'  uci^ht    it    n:.i\    U-  n--ol>taincii  in 
•nu'inal    nu-tallir    t'oim.      It  -isely  on  account   of  the  itt* 

tlu.-n,.,-   of   h,-at    on    t  In-    rhanijr    that    at    thr    t<-in|K-rature  which  we 
are  at   present   exp<  I   ;iui    unable   to  show   this  so-called 

grey  tin. 
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"  We  owe  particularly  to  Schaum  ;m<l  Cohen  our  knowledge  of  t  IK 
conditions  \\hieh  influence  tins  extraordinary  change.  The  conclu- 
sion is  that  the  whole  phenomenon  is  related  to  a  definite  tempera- 
ture, namely  20°  C.  Below  this  temperature  the  formation  of  grey 
tin  can  occur,  while  only  above  this  temperature  is  the  formation  of 
the  common  variety  possible.  The  temperature  limit  20°,  commonly 
known  as  the  transition  period,  separates  two  ranges  of  temperature 
in  which  the  grey  and  the  white  tin  respectively  are  stable." 

Phosphorus. — This  is  a  body  found  in  the  earth,  in  plants,  and  in 
animals.  Then-  is  red  phosphorus  and  white  or  "metallic"  phos- 
phorus, phosphorus  Jekyll  and  phosphorus  Hyde  !  White  phosphorus 
melts,  is  greedy  of  the  gas  oxygen,  and  is  poisonous,  being  unlike  red 
phosphorus  in  these  three  points.  But  with  a  trace  of  iodine  white 
phosphorus  transforms  into  red  phosphorus. 

('urban. — This  can  assume  three  forms — charcoal,  graphite,  and 
diamond.  On  combustion  they  are  said  to  yield  the  same  weight  of 
carbon  dioxide  gas.  Charcoal  is  a  disinfectant,  diamond  is  not; 
graphite  is  black,  soft,  and  greasy,  whereas  diamond  is  colourless, 
transparent,  and  the  hardest  of  all  known  minerals.  Yet  the  three 
are  believed  to  be  identical  in  composition  ;  and  diamond  can  change 
into  graphite. 

Water. — Even  water  assumes  other  states,  at  least  three  in  number 
—solid,  liquid,  and  vapour  :  ice,  water,  and  steam. 

Kx plosion,  as  in  gunpowder  and  the  dynamites,  is  but  such 
another  transformation  of  substance,  though  a  rapid  one.  Christian 
l-'rederick  Schonbein  (1799-1868)  announced  his  discovery  of  gun- 
cotton  on  27th  May  1846  at  a  meeting  of  the  Society  of  Scientific 
Research  at  Bale  :— 

I  made  a  mixture  of  1  volume  of  nitric  acid  (15)  and  2  volumes 
of  sulphuric  acid  (1  85)  and  cooled  the  mixture  to  0°  C'.  I  then  added 
some  finely-powdered  sugar  so  as  to  form  a  paste.  I  stirred  the 
whole,  and  at  the  end  of  a  few  minutes  the  saccharine  substance 
formed  itself  into  a  viscous  mass,  entirely  separated  from  the  acid 
liquid,  without  any  disengagement  of  gas.  The  pasty  mass  was 
washed  with  boiling  water  until  the  latter  no  longer  showed  any 
acid  reaction;  after  which  I  deprived  it  as  much  as  possible,  at  a 
low  temperature,  of  the  water  which  it  still  retained.  The  substance 
now  possessed  the  following  properties  :  Kxposed  to  a  low  tempera- 
ture it  is  hard  and  brittle  ;  at  a  moderate  temperature  it  may  be 
moulded  like  jalap  resin,  which  gives  it  a  beautiful  silky  lustre.  It 
is  semi-fluid  at  100°  C. ;  at  high  temperature  it  gives  off  red  vapour. 
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Heated  still  m  pidly  deflagrate*  xMtl.  violence,  without  leaving 

:M'   i>    idu'   ;   \\ith  i!  i.-ti.  .11  it  ts  electrical. 

\  md  in  l>  -r>  ami  Hi,-  lirst  months 

March  I  sent  specimens  <  -.  eomjH.unds  to  sonic  «.r  i,,N  n,.nd«t 

especially  Fam«         1  1  I  dl\ 

wan  it  discovert  d   \\li.-n    I   emp|,.\,d   it    m  shootii,. 

•uccesK  "i  w  I  iich  encouraged  in<    t»  ...ntnm.    th.m.     Accept: 

<   mutation  \\hieh    I  I   \\,nt  t  cm  berg  in  the 

nihl.il.    ••!    April.  and   made  ••\|»«  ninnits  \Mtli  x  \  1  1  1  -COttOQ,  both  in 

arsenal  at  l.u.lxM^slnir^.  m  the  prcscn 

and  at  Stuttgart    I    i   i     ti      I          l,m,..  it. 

In  t!  \l         .1  .in,  I  .Iu|\  .   \\itli  Id,    kind 

co-o|>eniti"i          «  -it    .1.    Mid,.  I.    M    Murk- 

it,   captain    «•!    art>;  .1    ..t  I,.  I 

snl»s,  ,ju<iitl\  in    Hair    nnnicriiiis  M  nts 

\\itli  amis  ,if  small  ralilin  .  sin-li  as    pistols,  carbines, 

mU   \\itd    m..rtars   an.  I   cannon. 
M-nts  at  which   Han.n  d.-  Knidm,  r.  the  Kussiaii 
Anil»assa«l«»r,  was   several   tiin,-s    pn-M-nt.      I   ina\    !.«• 
all<>\\,,|  t..  iiMiiti..n  that    I    was  the  person    \\  h» 
th«    i  noil  |..ade.l  \\ith  L"iii-c.,tt..n  and  shot.  ,»n 

•JMli  .In!  :    \M-   had   pr«-M..Us|y  asccrta 

'it    with    mortars    that    the    siihstaiice    in 

<|tustion  was  capable  of  being  ns,<l  \\ith  pieces  of 
large  eahl.n  .      About    the  same  time,  and   indepi  -n- 

dentl\.  I  employed  gun-cotton  t..  i  n,-  r..eks 

!         n.    in    the    (irand    Duchy    of    Hadeii.    and    to 
hlou  up  s.,iuc  old  walls  at  Bale,  and  m  hoth  cases  I  FSrU> 

had  opportunit.  -n\  incin^  nixsch'.  in  the  nmst 

satist'aet..r\     manner,    "t    tin     siip«n«»nt\    "t    this    n<  w    «\ 
mmp,.wdi  r.     In  ,lul\    I  aU<.  mad,-  th«    nr-t  capsules,  and  employed 
\\ith   suce,  -ss  for  muskets  m  the  pr,  s,  IK-,    ,,f  the  aln.xi    named 
n.      K\p«  nmi-nts    of    this    kind,    which    took    place    tmpirntly, 
and   m   :(..    pi--  ;i  great  mimlx  i  'sons,  could  not   long 

n  unknown,  and  the  puhhe  journals  soon  gave,  without  parti- 
n  m\    part,  d.-scnpl  LUIS  more  or  less  accurate  "t  tin-  results 
which    I    ol.t.  This    ,-iremi  joined    t«.    the    short    Duties? 

"huh   1   inserted  in  the  May  mimU  i   of  I'oggmdorjffs  .-Innalrn.  could 
nl  to  attract   the  attention  of  (ierman  chemists.      In  the  middle 
Viinist  I  received  from  Hotter.  Professor  at  Frankfurt,  tin- 
that  he  had  succeeded  in  preparing  gun-cot  ton  and  other  sul 
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Our  two  names  became  associated  in  the  discovery  of  the  substance 
in  question.  To  Bottger,  gun-cotton  must  have  been  particularly 
interesting,  as  he  had  previously  discovered  an  organic  acid  which 
deflagrated  readily.  In  August  I  went  to  England,  where,  assisted 
by  the  able  engineer  Richard  Taylor  of  Falmouth,  I  made  nunicn.us 

•eriments,  in  the  mines  of  Cornwall,  which  were  entirely  successful 
in  the  opinion  of  all  competent  witnesses.  K\  pertinents  on  the  action 
of  gun-cotton  were  also  made  in  several  parts  of  England,  under  my 
directions,  both  with  small  firearms  and  pieces  of  artillery,  and  the 
results  obtained  were  very  satisfactory." 

The  famous  explosive  T.N.T.  (tri-nitro-toluol)  is  a  further 
scientific  production,  which  transforms  rapidly. 

Alloys. — In  these  and  other  changes  the  state  of  a  body  is  like 
the  equipoise  of  a  bird  hovering  on  the  wing,  a  moving  equipoise. 
Take  a  penny,  a  mixture  of  copper  95  parts,  tin  4  parts,  and  zinc 
1  part:  it  is  an  alloy.  The  inter- blending  in  an  alloy  is  often  of 
the  most  intimate  kind,  and  small  differences  may  lead  to  marked 
changes  in  appearance  and  character  of  the  elements  concerned. 
Thus,  in  the  case  of  our  ordinary  incandescent  mantles  :  if  snaked 
in  pure  oxide  of  thorium  they  become  only  slightly  luminous  <>u 
heating,  but  if  to  the  oxide  of  thorium  1  per  cent,  of  oxide  of  cerium 
be  added,  the  mantle  becomes  brilliantly  luminous  on  heating,  and 
gives  us  the  light  we  know  so  well.  Again,  the  early  pioneers  in 
Atlantic  cables  soon  discovered  that  pure  copper  was  indispensal>l< 
to  their  purpose.  The  copper  cable  of  to-day,  through  purifications 
of  the  metal,  carries  twice  the  number  of  messages  borne  in  the 
year  1858.  Roberts- Austen,  who  speaks  with  authority,  maintains 
that  0-1  per  cent,  of  bismuth  would  prove  fatal  to  the  commercial 
success  of  the  cable.  An  alloy  of  copper,  pure  but  for  8  per  cent, 
of  aluminium,  has  a  resistance  to  electrical  conduction  about  5J 
times  that  of  copper :  a  little  mixture  making  or  marring. 

Moreover,  a  mixture  of  elements  may  have  properties  different 
from  each  of  the  elements  taken  singly.  Compress  a  finely-divided 
mixture  of  bismuth  15  parts,  lead  8  parts,  tin  4  parts,  and  cadmium 
8  parts,  and  an  alloy  is  formed  which  melts  at  100°  C.,  a  figure  much 
below  the  melting-point  of  any  of  these  four  metals  taken  singly 
(Spring). 

The  elements  copper,  manganese,  and  aluminium  are  not  magnetic 
like  iron,  yet  an  alloy  of  these  three  elements  is  magnetic. 
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Let  us  ranges  of  matter  m  action  : 

A.  Mechanical. 


is  a   in  s.'h'i    I.  ut    sensitive;    solid   when 

\.-ij  strike  it  \\li.n  dixii.L'.  sriisitive  .-I,  mechanical  agitation,  ll  its 
temperature  be  gradually  lowered  and  the  water  kept  quite  still,  it 
ran  reach  many  degrees  below  its  usual  freezing-point  (atxut  0°  C.) 
\\ith--ut  estate.  litliMi  the  sides  of  the  containing 

vessel  IK-  tapped  or  tin-  water  sli-»|itl\  tnuiUrd  hy  a  s..imd  «T  \>\  a 
particle  Ihr.ixMi  «'ii  its  surface,  it  iiistantlx  l»ej»ins  t«»  traiisfurin  mlo 


.  W. 
Flo.  ».—  «Mnpl6«  of  gnaiv  and  granite.     The  mUe  lie*  oo  the  gnato. 


Water  als«»  t  -hanges  reatlily  .M»  pressure;  for  in  the  track^ 
cartwheel  in  the  sii,.\s   the  su,.\\  melts  ..n  pressure,  ami  ti  reeiea 

har.l.      Or  rest  a  1.1.  .ek  of  ice  up«>n  a  \\in-.  ami  the  wire  cuts  its  way 
thn.ni:h    thi     iee,   the   water  hanging  into  water  (water  i,   the 

im.lt-.-n  \\ater  then  t'ree/.ing  up  again,  leaving  the  block  still  solid. 
Even  bodies  harder  than  water  can  flow. 

i;  .bcrts-AiiNten  kept  a  exhmler  ..t  lea.l  pressed  for  a  year  against 

a  cylinder  of  gold  by  screws,  ami  the  «:«»1<1  diffused  right  into  the 

in  cutting  and  testing  sections  of  the  lead  cylinder,  gold 

>und  ritfht  through    it.     And  Tresca  placet!  metal  discs  of  lead, 

coppc  and  iron  in  a  cavity  drilled  in  a  block  of  steel  and  ex- 

posed them  to  great  prc  mtil  the  metals  flowed  through  the 

narrow  opening  in  the  i><»tt<>m  of  the  cavity  in  a  continuous  solid 

stream. 
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Even  pun-  Carrara  marble  has  been  induced  to  flow. 

Such  changes  appear  als,.  in  the  earth.  The  nx-ks  alter  by  the 
heavy  press  nn.  erushinL.  and  shearing  the)  endure,  together  with 
the  influence  «.f  hrat  and  moisture.  Clays  and  shales  transform  into 
roofing  slates,  sandstone  into  quart  zitc,  limestone  into  marl>l<  . 
granite  into  gneiss.  and  \  (  getable  matter  into  lignite  and  coal.  One 
of  our  ablest  geologists,  Archibald  Gciki.  'i,,,n,  1885),  denies  that 
these  changes  are  due  to  the  introduction  of  external  materials. 
Charles  Lyell  (K'.'T  1  s75)  called  them  the  "  mctamorphism  "  ,,|  rocks, 


(By  T.  >'.  /'•;•/. 


.   10.  —  Transformation  within  a  rock,  from  a  calcareous  shale  into 
silicate  of  lime  or  wollastonite  (the  whiter  patches). 

Good  instances  are  seen  among  the  Alps,  in  the  Chilian  conglomerate, 
in  the  Pyrenees,  in  the  Vosges,  in  the  vitrified  sandstones  of  the 
Thuringian  Forest  of  Central  Germany,  in  the  carboniferous  lime- 
stones of  Central  England,  in  the  rocks  of  Donegal,  in  the  highlands 
and  southern  uplands  of  Scotland.  And  Judd's  description  of  a 
beautiful  instance  of  rock-change  in  the  district  of  Schemnitz,  in 
Hungary,  may  be  quoted  :— 

'*  We  have  here  the  ruins  of  a  great  volcano.  Paroxysmal  erup- 
tions have  blown  away  a  large  portion  of  the  cone,  and  denudation 
has  further  eaten  down  into  the  crateral  hollow  thus  produced  to  such 
an  extent  that  sections  are  laid  bare  through  the  very  bowels  of 
the  volcano.  In  this  way  the  great  Plutonic  masses,  which  are  the 
hardened  contents  of  the  old  volcanic  crater,  have  become  exposed  to 


l\     \(  TION 


These   MI t MI M\.-   txjdiet  have  wrought   local   metamorphum 

amount     tin-     hrdd'-d     1-,,,-ks     through    which     th>  an«| 

have    Converted    tli.  m    int..    srhisU,  quart/it.-.    rr\stalh 


in 

III 

IM 


nd  aj.ht.  .     Tl..  i.    can  be  no  question  about  thc«c  crystal 

rocks     hcliitf     true      products     ..|      MM  -tain,  .r  phiMn.     f.-i      thr) 
traced,    passing    by     the     most     msmsihl,      gradations     into 

-cks    \\\  -in    th<  P 

rranJif"H  nations 

:<»gicnl  la 

\\ 

hut    it   changes. 

George     Thomas      Iteilhy     has 
e\|,«  no*  n       im-t. 

Writes  :     •'  H  k    h|.  .xx    \xith 

a   hammer  a  cxlmder   <>t    ductiir 
metal     is     instant  l\     trai 
so    that     its  ical     pi 

ties  are  as  complct<  l\    ehai 

as     it     tl 

>    n<  \\    coinpoiiiul    hy 
all«.\  This      ti 

certainly  does  n-.t  d<  p<  n«l  ..n  tin- 

siihstances 

I     constitui-nts.     f,u- 

tin-      property     of     hard,  nin 

not     in     th«     Nast    diiuinished    hy 

the    m..sl  !     punticatioii    "| 

the  metal91 

\  iwinu.   th«     t.-nacit  x    of  th«     m,  tals      L',.l,i.   H 

C..J.JM  i-      is  m,-r<  ascd. 

\  urain,  a  \\\n    xxhidi    i  rdencd  hy  simp  hmu 

is  different    fr..m  one  \\hich   has  In-en  hardemd   h\    hanuucriiii;  or  hy 


•  <1  MUMUtcmM  of  the  Thur 
inginn  Forrrt.  CmtmJ  Germany. 


H.    //,,;/  ./ 

Archibald   (.«  iki«    relates  that  :    "  In  ilr\    tropical  climate*,  when 

lays  are  intciisi-ly  hot  and  the  nights  <\tr«in«lx    r.ild.  the  rapid 

nocturnal  eontia(  ti<>n  produces  a  strain  so  great  as  t.>  nxal  frost  in 

its  inthii  in-,    upon  tl-  ••  «•!  i-\p"s«d   r.-rk.  ihsintt-jfrating  them 

into  sand.  Of  causing  tin-in  t«-  crack  or  JH  «  I  ..ff  m  Motions  or 


•J'J 
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piec-  For   instance.    David     I,i\  in^ton.-    found    in    Africa  (12°  S. 

lat.,  84°  E.  lon^.l  that  surfaces  of  rock   \slneh  during  the  day  were 

heated  up  to  187°  Fahrenheit,  cooled  so  rapidly  1>\  radiation  at  night 
that.  unahle  to  sustain  the  strain  of  contraction,  they  split  and  threw 
off  sharp  angular  fragments  from  a  l<  \\  ..in:,  s  to  KM)  a  id  uoo  ll»s. 
in  \vciirht. 

Mut  one  need  not  seek  the  deserts  <,|"  Africa  for  instances  <>f  act  ion 


(After  thf  original  photo  by  Tfiomcu  Annan  ) 
Fio.  12. — David  Livingstone,  explorer. 

following  heating.  You  may  be  seated  quietly  in  your  chair  when 
you  hear  a  sudden  "  ping."  You  step  to  the  table  at  the  window 
and  notice  a  crack  in  one  of  the  flower  glasses  on  which  the  sunlight 
is  beating.  An  event  of  interest !  Glass  an  explosive  !  Then  look 
at  the  expansion  of  iron.  You  stand  at  your  suburban  station 
waiting  for  your  train.  The  rails,  you  see,  are  laid  in  sections,  with 
little  interspaces,  or  else  they  would  jam  up.  The  Forth  Bridge 
moves  out  and  in,  summer  and  winter,  over  a  distance  of  24  inches, 
and  its  bolt  holes  have  to  be  oblong  instead  of  round.  Similarly  in 


\i  vi  i  i  i;    i\    \(  HM\ 


theai 


Flo.  U.-Th«  Eiffel  Tow. 
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BRITISH 

MAKING 
ZONES. 


(Redrawn  a) 't,  r  Wxlur  MacParlant.) 
Fio.  15. — The  British  iron-making  zones. 


Fio.  16. — A  puddler  at  work.     The  water-bath  lies  to  hia  left  elbow. 


MATTI.K    IN    All  ION 


il     f'1"'  I  I  of  Part*  :  (.tiillaume 

ran  a  i-l.iti\.|\  «•!•    iu«  k-  I     •  _-r..in».l  up  to 

nit  titage,  ehartrd  it  uenti,  ami  fnund  tl  rroponcU 

tin  :    it   is 

seiisit  I  Imnka:  -H,liiik.   is   lit 

tin-  pressing  to-trther  "!'  Oii|>-p|ates. 

Tl  -in  tl..    i,  ...II.  t..  the  anchor.     Hani  in 


I  i«i.  18.  —  Stael  ingou  in  the 
•roolUng  furiMMML 


-Samuel  Qrioe,  «xty  year* 

an.  I  .-Ins.  Is.  s,,rt    111  hone^hoe  nails,  it   may  be  wrought  as 

is   (Mippi  r.    ,  •!•    triii|><  nil    hard    <n.>u.r},    t<»    scratch    glass,   for   it 

hardens  o  f  to  th<    \\a\   it   is  luat*.!.     It  contain* 

I>tol5  |M  Trt-nt.      1  1  |.|..\.  .1  <H>mmcrriaIly 

in  t\\..  n  u'lit  in'ii  :in«l  st.-i-i.    The  tensile  strength  <>f 

.is  it    i>  S,,MU  tunes  callrd.   inallcahli-.   ir.»n  mill  fn»in   IS 
to  25  tons  per  s.jnan-   inch,  ami   the  elongation  capacity   fnun    ' 
85  per  cent.  -  inch  piece;    \\hileonlinars    st«  .  1  \  an.  s  in  tmsilr 

jth  ti..n  is»  and  the  elongation  fr  36pcrernt.: 

thns  sti*  1  is  st|-oi»i:«  r  and  IH.T.    «  lastic  than  \vnuii»ht   iron.      For  these 


Till:    LIFE   OF   MATT  I.  R 


Fio.  1ft. — Tapping  of  steel  from  a  furnace  at  nearly  twenty 
times  tli.   t«  injior  of  boiling  water. 


(Photo  bf  UauU  *  POT,  tendon.) 
Fio.  20.— Henry  Bessemer,  English 
engineer,  1813-1898. 


(Aftrr  Walltr  if 

Fio.  21. — William  Siemens.  British 
inventor,  1823-1883. 
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Mi.    i...  indebted  to  the  manager  and  asftUtant*  of  the 

l          \\<>rks,    M-.tli.  i  \\.  II.     In   the  process*  of  manufacture 

.   i-,   ii. .t    I,.  .i».. I  so  liiifli  as  in  tin-  preparation  of  »tcel, 
tl»<  i n«tal  i*  raised  ton  .ii...i»i  l  ooo*  Centigrade ; 

tt    li.at    tin-  in.ii  nit-Its,  and.  alt.  r  SIIIIH  -r  it  while,  leave* 

i  a  in.- It  en  stream  free  from  sin  Hut  m  tin 


Fio.  22.— Sidney  Giichri«t  Thonuu.  1S50-I885. 
and  to  founder  of  the 


b   ..--  i  h 


man;.  ipi  rat urt'  <>f  thr  furnace  vt  some 

t'.Mtr  t<>  ti\r  him. In  . I  degrees  |.»\\«  r.  th<  metal  remains  a  pasty,  semi* 

solid  mass  all  th<  turn  :  it  is  tli.ii  \\r«>n^)it  »r  |>nddl<  d  into  a  stieky 
I  ..ill.  and  the  slag  e\{><-llc<l  l>\  a  ponderous  steam-hammer,  \vlnch 
poim.U.  s.ju,  ezes,  and  squelches  it  out.  It  is  warm  work  for  the  men. 
The  difference  between  steel  and  ironisdetafmfoed  i»>  the«lifTrrrnt 
liruhiitfs  tlu\  and  tin-  amount  of  work  dt>ne  in  rolling  the 

Steel  in«;ot   int..  tlu    form  «»f  a  Imr  «>r  plate.     The  highest  strength  U 
found  m  u  m  .  being  the  finished  prtHiuet  on  whieh  must  work  has  been 
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expended.  its  tensile  strength.  according  In  .1.  \.  l-'.u  inij.  IMIML:  as 
hiijh  as  100  or  c\  «  n  1-JO  tons  per  square  inch.  The  tensile  strength  of 
nickel-chrome  steel  can  be  raised  from  K)  to  100  tons  per  square 
inch  by  difference  in  heating  tnatment  alone.  Steel  usually  con- 
tains more  carbon  and  manganese  hut  less  silicon  and  phosphorus 
than  iron  wrought.* 

The  ehanL'ini:  condition  of  iron  according  to  heating  i^>  evident 
in  the  process  known  as  annealing  «»r  re-healing.  The  hous<  -wife 
anneals  her  L'lass  tumblers  by  gradually  heating  and  e.,o|inu  them 
in  her  lish-kettle.  And  it  were  useless  to  hammer  out  steel  east- 
ings and  then  find  they  had  Lr"iic  hriitlc.  so  the  iron  is  stimulat(«l 
l>y  re-heating  into  Iresli  elasticity  and  strength.  MOOI-IIIU  eliains 
'-.«  -n«-d  and  over-strained  can  thus  he  rest  (.red. 

/  Ci  Id.      The  action  of  metals  in  severe  cold  was  examined 

l>\  .lam*  -  I)-  uar  and  his  helpers.  They  found  many  ml  en  s|  mo  <|jf- 
!<  T'-nees  in  the  hehaviour  of  tin-  metals  at  ordinary  and  low  tempera- 
tures ;  for  example,  the  temperature  of  liquid  air.  for  air  does  become 
liquid  when  you  cool  it  far  enough.  In  ordinary  air  silver  is  a  Letter 
electric  conductor  than  copper,  hut  at  the  temperature  of  liquid  air 
copper  is  a  better  electric  conductor  than  silver. 

Again,  the  tenacity  <>!  Liold  is  douhlcd  at  a  temperature  of      Iso 
Ce&tlgrade    (one    hundred    and    eighty    decrees    In-low    the     l'ree/in«r 
point    of   wat 

(  .    Li'M  and  Dnrh-ncss 


The  salts  of  silver  bromide  are  peculiar,  in  that  when  influence*  I 
by  light  they  change  very  rapidly.      If  we  spread  a  film  of  them  upon 


•  COMPOSITION  OF  WROUGHT  li:»s 

•,r  \V..lt.r  Ma.-Farlano.) 


WITH  Si 


Constituents. 

(  'h  i-mical 
Symbols. 

Qood 

Wniu^ht.iron 

Sh.-.ft 

Mild  Steel 

f..r  Criicral 
.•inwring 
Purposes. 

Carbon      . 

Slliron           - 

Sulphur     . 
Phosphorus 
IfaMMMB 
Cinder  or  sUg 
Iron  (by  diffem 

C 

8 
P 
Mn 

Fe 

trace 
012 
004 
021 
brsoe 
i  M 
A 

0    Is 

0-02 
0-05 
0-00 
(HO 

none 

A 

100-00 

100-00 

*  Phosphorus  in  tin   .  iml.-r.  0-05. 
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te  of  gla  IK  up-.M  tic   plat.  lit  has  acted. 

ben  "htam  a  "  phot'.jj  'gain,  on 

_r  jinnt.  d,  -  '"  'I  I'll- 

Hut  Moscr  found  that   this  eliangc  on  exposure  to  light  action 

was  n  'uied  to  salts  of  Kilver,  hut  SI|M  r  it^  h  :   <"p|>er  and  glass 

.  similai  -rrsult.     II          k  p<.|ishcd  plates  of  the*e  metals,  eleancd 

I    tixed  over   thru*     hut    \\itl  lung  —  black  tablet* 

with!  II    th<  in  placed  thnu  in  tli-  r  some  hours. 

The  plate  of  sfln  cooled  and  held  over 

heated  nn  I  l^ht."  h.-  records,  **  a  «listm«-t 


Ki...  J.t       Ih.   attraction  of  watar  into  *  sugar  solution  through  a  bladder. 

image  "f  tin-  icreen  \\as  J.I.M|U,T(|  \vh,  r«    the  sunh^ht  had 
merrnrs  ha\iii«:  l>een  attracted  tliitl 

1  I  iunau,  (iustav  l<     Hmi.   t'"iiiid    that   metals 

t«»  sunlight  Is  affrcted  a   photographic  plate,  even   in   the 

:  <  M  11  tin-.  .iiL'h  an  <>pa<|u<-  iilm.  -uch  as  ebonite.     He  gave 

Illa.-k    l-:-ht."       Mrtals  after  Ixring 

sunlit    chanuM-  aU..   in   «  l(ctn<-  e.  mdit  i«»n.  thiui^h    iu»t    all   !••  the  same 
degrt-  upon   the  testing  ,  |,  ,-t  r,,sc,,pi  .   /me  and  aluminium  act 

rapidly  than  do  gold,  ittver,  platinum,  and  m«  ivury. 


D.  Physico-(  7/<  mn-ul  .  tt  (ion. 

I   :ke  a  1  p<  i    cent  N«»Iuti..n  -•  ami  jH.ur  it   into  a  bladder. 

1'  tin-   Madder  in   pure   \\  I         Mi^ar  suluthm   then  af 

\\  Inch  passes  fn»m  the  «»utside  t«»  th<    inside  «»f  the  blailder. 
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until   the  pressure  inside  may  be  so  great  as  even   to   burst  the 
blad 

This  swelling  action  was  used  by  the  builders  of  the  Egyptian 
pyramids  f..r  splitting  the  rocks,  driving  wedges  of  wood  into  them 
and  pouring  water  thnvon. 

It  has  been  emphasised  by  many  modern  scientists  in  explanal  i<m 
both  <>t  chemical  and  vital  facts. 


(Photo  by  Frith,  Hrittol.) 

Fio.  24. — Great  Pyramid  and  Sphinx  of  Egypt. 

E.  Electro- Chemical  Action. 

Take  a  solution  of  hydrochloric  acid  in  water.  Pass  a  shock 
through  this  solution  from  an  electric  battery.  The  solution  changes. 
A  green-yellow  gas,  "  chlorine,"  comes  away  at  the  end  where 
the  electric  shock  enters  ;  and  an  extremely  light  colourless  gas, 
"  hydrogen,"  comes  away  at  the  other  end  where  the  electric  shock 
leaves. 

OPPOSITE  ACTION. 

The  changes  of  the  elements  are  manifold.  They  form  the 
province  of  the  chemist.  Among  the  most  baffling  of  them  are 
the  changes  in  opposite  direction,  a  few  instances  of  which  may 
be  here  taken  :— 

Mechanical  Action. — A    wire   changes   weight   on   being   drawn. 


OPPOSITJ      \»   riON 


Magnus  Maclean  has  tried  this,  and  gives  the  following  figures  for 
several  metals  :  — 


Aluminium 

Nickel       . 


pun- 

Platinoid   (an  alloy  of  nickel. 

/.inc.  copper,  tunpten) 
Manganin  (an  alloy  of  copper, 

iiuiMiMM."*-.  an-  1   iii.-k.  1, 

Copper  (average  of  six  qualities) 


i'n. ii. I-AS,  sad 
Uiraa. 


7  7s 

7   7..J 

28 

J  7'.-, 

Mi 

1(1)1125     (2)1135 
I         1115 
:» 

(8  985 


«,n 


drawn, 


II  '  .^  almmmiim,  become  h 

«>thcrst  e.g.  copper,  became  hea\ 

This  (  hange  in  opposite  directions  may  occur  even  in  two  spcct- 

h<  same  metal,  as  seen  in  t  h.   case  of  the  lead. 
//  at  Action.—  Tin     metal  copper   on  being    heated   from  room 
I  K»  rat  ure  to  red  heat  increases  its  resistance  to  the  passage  of 

elcctrie  action  :    the  very  reverse  result  is  seen  in  the  carbon  ftla- 

mnits   of    'in    electric  globes,   for  when   heated   to  red  heat  they 

dimmish   in   resista:. 

I  >  jt  lly,  lik«-  most  jellies,  sets  on  cooling  ;  but  casein, 

.-hid'  alhuminous  body  in  milk,  after  being  treated  with  sodium 
nun,  sets  OH  In  atillg. 

De  war  advances  these  next  figures  as  the  "  breaking  stress  in 
•i.  is  of  cast  metallic  pieces,"  \  inch  in  dianut.  r.  at  normal  and 

•  UK  1\    l.»\v 


i:.    » 

isr  a 

Tin      . 
Lead    . 

Zinc     . 

Bismuth 

•OQ 

:: 

sa 

10 

no 

17.. 

26 

H 
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So  we  sec,   while  tin   and  lead  change   in   one   way.  /inc  and  bismuth 
change  in  the  ..thrr. 

Chemical  Action.  —  Sonic  h.  .dies  become  Banner.  others  colder. 
on  mixing. 

M.\  lune  and  water  —  they  heat. 

M  :\  coi  union  salt  and  water  —  they  cool. 

I        it  with  a  thermometer  to  see. 

When  aluminium  is  fused  with  copper,  the  alloy  heats. 

\\  hen  lead  is  fused  with  tin.  the  alloy  cools. 

A7,  (7/-/V  .tcti»n.  When  solutions  of  linelv-di\  id.  d  metals  are 
made  in  water  by  passing  an  electric  action  from  metal  terminals 
through  tin  Said,  particles  of  the  metals  wander  into  the  water. 
and  these  suspended  particles  move:  those  of  n,,ld  and  platinum 
move  with  the  em-rent,  those  of  iron  and  aluminium  move 
against  it. 

In  Michael  Faraday's  view  the  effect  is  considered  as  ,-.v.sr  ////////// 
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KM.-.  25  and  26.—  Michael  Faraday's  view  of  the  electric  action  on  a  fluid  substance. 


dt  l)nulcnt  upon  the  mutual  cluinicdl  uffuiilij  of  the  particles  of  opposite 
kinds.  Particles  a  a  (fig.  25)  could  not  be  transferred  or  travel  IV  ..... 
one  pole  N  towards  the  other  P  unless  they  found  particles  of  the 
opposite  kind  b  b  ready  to  pass  in  the  contrary  direction  :  for  it  is 
by  virtue  of  their  increased  affinity  for  those  particles,  combined  with 
their  diminished  affinity  for  such  as  are  behind  them  in  their  course. 
that  they  are  urged  forward  ;  and  when  any  one  particle  a  (fig.  26) 
arrives  at  the  pole,  it  is  excluded  or  set  free,  becaus.  the  partiele  h 
of  the  opposite  kind,  with  which  it  was  the  moment  In-fore  in  combina- 
tion, has,  under  the  superinducing  influence  of  the  current,  a  greater 
attraction  for  the  particle  a  which  is  before  it  in  its  course,  than  for 
the  particle  a  towards  which  its  affinity  has  been  weakened. 

The  Hindoo,  Jagadis  Chunder  Bose,  has  made  a  prolonged  study 
of  the  sensitiveness  of  the  elements  to  electric  shock.  Those  sub- 
stances becoming  more  conducting  upon  an  electric  shock  he  calls 
positive  ;  those  becoming  more  resistant  upon  electric  shock  he  calls 
negative.  On  shock,  iron  and  magnesium  become  more  conducting, 
but  potassium  and  arsenic  become  more  resistant.  Iron  and  mag- 
nesium fatigue  in  the  plus  direction,  potassium  and  arsenic  in  the 
minus  ;  they  return  towards  normal  on  heating  or  on  gentle  tapping. 


OPPOSIII      \<   I  ION 

.UK*-  in  opjM.sitc  ways  may  occti  la   .ne  and  tin- 

In  tin   case  of  magnesium,  Bose  tells  us  "  It   is  --n,.  tune* 


27  and  28. — Stimulus  by  heat  and  mechanical  «•  n-  -i,  niton  iron  fatigued  by  electric 

...,,, I.    -I.  ..I.I,-,,    .limmuii..,,   of  electric   coo 

i  tapping. 


Flo.  20. — Oppoaite  action  of  four 


h 


tay|>mg     Diagram.     (1)  Iron  and  magneeiunx     (2)  Potaavum  and  araenic. 


possible  si»  t«>  a<ljust    matters  that   «»M«    flash  «•!    r.i-liat  i.  .n 

(liinitiut nui  . •!'  resistance,   th<  n«-\t   an   increase  of 

Thus    a    |f  llashrs    max     IM     ina«l«     to   pHnlurf   alt« mat.     throws 

of    the    yalxan.-ii.-  -lie." 

I    •    saint-  opposite  action  is   s«n  m   nui^n-  raction  and 

Mpuh 


;u 


Till.    LIFE   OF  MATTER 


attrad    ir«>n  but  repel  aluminium.  l'..r  in.n  nio\  « 's 
towards  surh  a  magnet,  but  aluminium  moves  away  from  it. 

In   I.on<l»n   s<>inr  years  ago  a  striking  drmoust  rat  ion  of  this   was 
seen  in  tin-  railway  engineered  by  Monsieur  Haehelrt.     Haehrk-t's  car 


Fio.30. — Exposure  of  one  photo  film 
the  silver  salts  have  acted  bli 


•ul  lightning  flashes  in  a  storm  at  night.     Obae 
ad  of  white,  and  white  instead  of  black. 


Fio.  31. — Iron  moves  towards  an  electro-magnet,  aluminium  moves  from  it. 

was  built  of  iron,  resting  on  an  aluminium  bedplate;  it  ran  upon 
a  track  of  great  electro-magnets.  On  the  magnets  being  set  in 
action  the  bed-plate,  of  aluminium,  rose  I'nun  off  the  track  and! 
bore  up  the  weight  of  the  car  till  it  became  as  light  as  a  feather, 
while  the  iron  of  the  car  itself  was  drawn  along  the  track  to  a] 
magnet-tunnel,  and  then  on  to  one  after  another  tunnel  at  lightning- 
like  velocity. 


ni'l'OSITI       \(   I  ION 


I     i     illust:  «-iple    a    small    aluminium    plat* 

r  an  electro-magnet,  and  <>n  ti,.-  magnet  lx*ing  set  in  action 

tins  platC  bllhhli  'I  up  "ii  H-t  hm.j.  hk«    a  puff-hall  <*u  tl,.    J-.untain  of  a 

sh"oting-rmnge.    Only,  m  tins  <.i-.  .  th.  ie  was  no  wa-  n  could 

N..III-  liaml  |M-|OW  bct\N  plali-  ami  the  nia^i  <|  when 

mi  down  up.. n  th'  plat,  .  \..u  managed 
rcc  it  so  far  towards  the  magi  t.  It   t> 

sting  and  struggling  hard  upwards  against   \..u  :    <m  nothing 
at  least  on  n. .tiling  \  isihk. 

properties,   whether  seen    m  K  al   action, 

t    action.    ch«  lineal   a.-th-li.    Q  -II,   SCCm  at   flfst 

ditlicult    t..  understand  rhumli  r  H«.s,  ,       aln.ut  tlirir 

ran  l».  l.t."  !ii..n-  attrntion,  f«,r  tl.'  ir 

known. 

M  I  araday  recognises  opposite  action  in  tli.    case  or  tl,. 

elt-r  •  in  il.-iii  r  lu»  says  : — 

I  ttdging  from  facts  onltt.  tlnr.   is  not  as  \.t  tin   sh- 

for  tin-  inllin ncr  \\liich    is    pn-M  nt    in    \\liat    we  call    tin- 

clct'tnr  •  -urn -nt.  \\  '  n    mrtals    or   fused   bo«li«  s    .,r    humid    r..n- 

•  hi-  and    rarefied  elastic   m«lia — as   a 

i|)"ini.l   "i    <  ..inplicatfd    inllurncr.       It    has   m-vi-r    h«-«-n    resolved 

int.*   simp!  -  s,   and  may  perhaps  best  be 

\  ed  of  as  an  axi*  of  power  having  contrary  forces,  exactly  equal 

contrary  >n*. 

I   h«»|K»  I  have  now  distinctly  stat.-.l.  alth«.u^|,  in  general  terms. 
th«  m  of  the  CM  hcmical  ...siti.m. 

^  Of  far  as  thai  cause  «•////  tit  ^resent  l><  <md  understood.     I  cone- 

the  effects  to  ar  >  forces  which  an  intrrntil.  n-lat  i\ «   t« .  t  h.   matt.r 

under  decomposition     ami  n«»t  <  >ttrnal,  as  they  mi^ht  be  considered, 

tl\    ilcpciidi  nt   upon  the  |X)lts.      I   supp«.sr  that  the  cffet-ts  are 
due  to  a  in<Mliticati"ii,  l.\  t  Me  current,  of  th<  <  h<  imcal  ailiiuty 

•Of  the  particles  thn.u^h  or  h\    \\hich   that    current    is  pa^ 
thcni    tl:.     p"\-  .-tiiiL'    n  il»l\    m   on<  mi   than   m 

anotlu-r.  and  eonse<pn  nt  ly  making  them  t  ra\  -I  by  a  series  of  successive 
«l«  .  jH.sit  i..ns  in  <>pp  r  ret  i<msf  and  ti  nail  \ 

causing  tl-.  vision   ..r  «  \clusi, ,n   at    tin-   liounilaries  of  the  |MM|\ 

un  >n.  in  t  he  direct  ion  of  t  In   current.  ,itnl  thai  in  larger 

•Or  small'  r  <|naiitities.  aeeonlin^  as  the  current   is  m«»rc  or  less  (xiwer* 
fill.      I    think.    th<  t    \\mild    !>«•   more  philosophical,  and  more 

«lirei-tl\    ex|  the  facts,  to  speak  of  such  a  b«»dy.  m  relation 

to  th.  SUJL:  through  it,  rath<r  than  to  the  poles,  as  they 


:;,-,  I  III.    I.IKE  OF  MATTER 

are  usually  called,  in  contact    uith  it  :    and  say  that  whilst  under 
decomposition,  oxygen,  chlorim .  iodm.  .  acids,  etc.,  are  rendered  at 
to  negative  extremity,  and  combustibles,  metals,   alkalies,    bases, 
;...siti\e  extrerait\       I  .1..  not   believe  that  a  substance 
be  transferred  in  tin-  <•!<•< -trie  current  l>cyond  the  point  where  it 
t<»  liii'l  particles  \\ith  which  it  can  combine." 

I  I,1  MS  MOW. 

Finally,  consider  the  rainlxiw. 

rn  sunlight  passes  through  a  water-cloud  or  a  piece  of  crystal 

we  see  not  white  light,  but  a  sequence  of  colours — red,  orange,  y<  -II.. w. 

grern.  blue,  indigo,  violet.     Now,  each  metal  displays  its  own  distinc- 

hve  colour.  Place  the  soft,  tin-white  metal 
thallium  in  the  flame  of  a  Bunsen  bun  MI. 
and  then  examine  the  flame  through  a 
crystal:  a  clear-cut  band  <>t  light  appears 
in  the  green  of  the  rainl><.\\,  the  band  of 
thallium.  Substitute  n..\v  sodium  IV. r  thal- 
lium, and  the  yellow,  the  famous  "  1)  line  " 
of  soda  appears.  Try  next  lithium  for 
soda  :  a  clear-cut  band  of  light  appears  in 
the  red.  the  band  of  lithium.  And  we  can 

t(  n  wnether  even  a  far  star  possesses  thal- 
lium, soda,  lithium,  and  other  dements  by 
examining  its  Im. -s  of  light  through  the  crystals  of  the  spectroscope. 
These  several  bands  are  each  distinct,  but  distinct  upon  a  con- 
tinuous rainbou. 

The  three  forms  of  matter — thallium,  sodium,  and  lithium — are 
not  marly  so  distinct  as  they  at  first  sight  appear.  Could  tin  observer 
trace  these  elements  back  in  centuries  as  in  seconds,  might  he  not 
sr»-  th«-se  three  separate  bands  slowly  moving  towards  one  another 
ami  fusing  into  one,  like  the  pictures  of  a  stereoscope  '.'  Three  element  s 
arising  from  one. 

In  the  words  ol   the  famous  chemist,  Wilhelm  Ostwald  :    "  \\ 

dtheooneeptionof  a  simple  pro-matter  wliose  diverse 
grouping  has  conditioned  the  diversity  of  the  elements."  Water 
and  earth  are  both  sprung  from  the  primeval  paste. 

Which  brings  us  back  to  our  list  of  elements,  and  the  question 
arises,  Are  things  as  distinct  as  they  seem  ? 


I  i;u\i    (  i.ni  I)   T<>    >T\K  M 

i 

I                                     -  n  broai-i"  !                                              >•  of 

|iatl»s.       I-'.. ll«. \\inu     up,,!,     tl,,-     \\,,rk  I        .1.11     K-pl.r    ( 1  ST  1     1680) 

>n  tin-  rlhpti'                           i  space  of  our  plaints  ar«»un«l  tin-  *unt 

Hi. I     tlir    ralrillatl..!.     l,\      Uiar      \  tli.-      ln..t|..|> 

•  !'  the  moon  t«.   t'                       resulting  111    tJ                                  t   «.f  thr  Uw 

jf  grti\  it;it  inn.    .tii-l    i  tiling   I|<MS   not    mils 


rA*  prrmiutom  of  .' 

Flo.  33.— IMAC  Newton,  Englioh  natuml 

move  t..N\anls  thr  «-arth.  hut  aU..  the  earth  moves  towards  tin-  st..n<-, 
'i    \\ifli    thru    .hffrn-nt     masses  th'     •  -u.-nt   <>f   the  rarth  is 

not  SO  evi<h  nt    as   that    « •!'  t  li«    st «  >IK  .       I  iiiinaiiucl    l\  IT'Jl     1  Sl 

(if-rinaii    of    Sr..ttish    aiic.s{|\.   ..iitlin«-<|    a    s|>«  culat  i«  .11    ••!    «l««p    I 
an. I  beauty,  t  h.    .  \..lu!i..n  ••!'  th.-  stars  fn.m  .»ut   .»!   inist.      >ir  \Villiain 
M  i::t8-1822),  pm-sumi:   this   r-.nr.pt  mn.  «h-scnh  i500 

.liff.-r.-nt  si;ii c|..u«ls.     Tin-  idea  was  further  stip|xirtrt!  h\  tin   French 
astnuiMii         I'  --iin. .11   l.apla-  '    1827). 

Look  up  mi  a  .  lit  and  view  tin-  Milky  Wax.  \\ith  its  o.unt- 

less  m\  iia.U  <»f  \\.-rl.ls.  the  great  and  distant  Sinus,  thr  close  duster 


Pio.  34.  — Immanuol  Kant,  of  Konigsberg,  at  ..  -tt..ii.,m,-r. 

•  •  discoverer  <>f  tin-  ; 


Fn.  36. — Laplace,  French  astronomer. 


17.— The  nebul 


H._NebuU  in 
May  10.     Expo«if»  of  4  hour* 


The  ring  natal*  m   I.. 
with    the   CmUcy 

l.y    \.<: 


10 


Till-:    i  ii  i     ni     M  \TTI.I; 


i»f  stars  we  rail   tin-   IM.  i  -I   tin-   nullity   .|uadrilatcral   with   iis 

triplet  Ult  and  haiiiM  i  am  I  I  „  .\\ .  (  >n<  .11.       A  ml  in  I  In-  M  ilk\   \\.-iy 

-.r-llniii:  rloiids.  ,rk.  some    li^'lit  :    some   faint    and  diffuse. 

othrrs  linu'lit.  r  in  parts:   ••tlx-rs  \\itli  hri^lit  p«»ints     coiiniiriicin^  stanj 
still  ntlirrs  with  lirilliant  spots  :    till,  in   s<.m<    systmis.  MM    cloudiness 


(Itf  frrmtMtio*  oftl*  IVrt«  ftbtrrralory  and  thf  proprietor*  of  the  "  Encyclopedia  Brilannica.") 

41.— The  nebula  in  Andromeda. 

disappears,  leasin-r  the  stars  naked,  as    in    the    Pleiades:    whirlimj   ,, 
spirals  hk.   a  tidal  riser,  eoilin<r  int.,  suns  and  earths  and  moons. 
In  the  svords  of  Ilci-scli.  I  : 

It    is  highly  probable  that  every  state  of  the  nebulous 
matt,  r  is  the  result  of  the  action  of  gravitation  upon  it  while 
m  a  i"i.  L'"in-  <'ii..  and  by  such  steps  the  successive  condensa 
tion  of  it  has  IK  (n  brought  up  to  the  planetary  condition." 


M    .  I  MI  I)    id    STAH 


1         earth    moves    r.. mi. I  tin    sun,   the    sun   ami   it->  planet* 

in  th.    Miik>    \\  the  Way  it                       ,  network 

•weeping  "itli  «hst ant    ui  iieyond  our  ken! 

III.-   Ian-  I       '.I    hunsell   : 


I  t  !,.     IM  hn|..  ..|M  us  up  to  IIS  a 

int. *  tin-  infinite  held  ,.i  ishes  an  iclt*a  «if  th. 

G     I  ANlueh  is  111  iOOCN  inlinity  of  the 

great   Hmld.  i  .«r  tin  •  um\.  rse.     If  the  gran-  a  planetary 

•  I.   in   \\lneh    the   earth,  as  a  grain  of  «umd.   is   sear 

tills    tli.     iin.l.  rstan.liiii;    \\ith  with    what 

astonisliiiK  nt    an-   u«    t:  ..I   \\li.n  \\<-  lirhuM  th.    intinit. 

niiiltitn.i.    ..I   u..rl.l  Inns  \\lni-h  till  th.    •  I  the 

Milks    \\.i\   !     Hut  how  is  this  astmiishin.nt  m.i'.i--    I  when  we 


MI  far 
of 


FlO.  42. — llluNlniliii.-    lh«-  iiitinifx    ••!    • 

ourself  HUM  do  a  great  football  sphere  ;  you  may  blow  out  th. 
u  like,  but  always  there  w  an  outside  to  it,  beyond  even  the 
ken  ;  and  the  ouUide  distances  are  just  as  real  as  the  inside  < 


bet  ireoftheiaet  that  all  t  (use  immense  orders  of  star- 

worlds  f,irm  hut  on,  ,,i  a  nunih.T  whose  termination  we  do  not 
know,  and  which  perhaps,  like  the  former,  isa  system  inconceiv- 
al.lx    \ast.  and   \  et  again   hut  one  meinher  in  a  new  eombi na- 
tion ,,f  niiMiiMi    '     \\ .   see  the  lirst  numbers  of  a  progressive 
'.tioiiship  of  w,,rlds  and  s\  stems  ;    and  the  tirst  part  of  this 
infinite    pr..-,'ressi,,n   enahles   us  already  to  recognise  what   is 
••f  the  whole.     There  is  here  no  end  but  an 

ahyss  of  a  real  immensity,  in  presence  « -t '  w  hi, -I,  .ill  t  h-   . -.ip.ii.il:'  \ 
"I      li, i  m. i  n     eoiu-eption     sinl  listed,     although     it     is    SUp- 

ted   I •>    the  aid   -i    th.  ..f  numbers.     The  wisdom, 

the  u< Iness,  the  power  \\ Inch  have  been  revealed  i^  mtir 

I   in  the  very  same  pi- •;  fruitful  and  active. 

The  plan  of  th.ir  revelation  must  therefore,  like  themselves, 

he  infinite  and  without  hounds." 

\\  illiatn   1 1  ,  of  '•  an  iiitiiiitel)    .  xt,  nd.,1  .  xistei 


!•„>  I  111      I  II  I      M|      M  \TTI   I! 

I  a  ilui.l  of  immense  extent."  and  goes  on  to 

9tty  of  tins  solar  atmosphere  :— 

In  the  assumed  primitive  condition  of  tin  MIII  il  r< 
SCnibled  these  nebula-  which  arc  sho\\n  by  the  telescope  to 
bl  .  injH»M-d  ol  a  [QOfC  Or  l«-ss  brilliant  nucleus,  surrounded 
I  IN  nebulosity  Nvhich.  in  condensing  towards  the  surface  of 
the  nucleus,  transi,, mis  it  into  a  star.  If  by  anal-  j\  u< 
'  all  tin-  stars  IMIIIL'  I'-rni.  d  in  this  manner.  NVC  may 
imagine  their  «.uli«r  nebular  state,  itself  preceded  h\  other 
States  ill  which  the  nebular  matter  was  more  and  more  diffuse. 
the  nucleus  being  less  and  less  luminous.  My  ^oinjr  back  as 
far  as  possible  we  thus  arrive  at  a  nebulosity  so  diffuse  that 
its  existence  could  hardly  be  suspected." 


SURVEY:  SECTION  2. 
M;UM    KLEMENT   TO   PLANT   AND    ANIMAL   TISSUE. 

Some  say  the  flowers  and  trees,  tin  fish  and  fowl,  the  animals  and 
man.  t IK-SI-  inhabit  the  surface  of  the  earth  and  are  alive.  But  the 
coal.  th«-  minerals,  the  metals,  and  all  within  the  bowels  of  the  earth 
are  dead  :  tor  they  neither  move,  nor  breathe,  nor  grow,  nor  fatigue 
nor  recover  there  from,  nor  marry  and  reproduce. 

Others  maintain  not  so. 

\N  ater  moves  and  grows  into  steam. 

Coal  breathes,  for  in  burning  it  takes  up  the  gas  oxygen  and  gives 
off  carbonic  acid  gas,  like  any  plant  and  animal. 

A  motor  cycle  fatigues  as  it  climbs  a  hill,  yet  it  recovers  its  power 
at  the  summit. 

And  it  is  not  every  plant  and  animal  that  reproduces. 

These  last  make  experiments,  burning  plants  and  animals,  and 
resolving  them  into  elements — oxygen,  nitrogen,  hydrogen,  carbon. 
sulphur,  phosphorus,  and  iron. 

Quinckc  brought  a  drop  of  almond  oil  and  chloroform  on  to  the 
surface  of  water  and  allowed  a  small  drop  of  a  2  per  cent,  solution 
of  soda  to  approach  the  drop  of  oil,  which  then  moved  ami  twisted 
itself  like  a  living  thing.  And  Hiitschli  observed  such  oil  and  lather 
movements  to  continue  of  themselves  and  without  interference  for 
several  days  on  end. 


I   1(1  'M     I   I   I    Ml   '    I      i  II  43 


I  III  mi.  -alls        tli.j^  thfl  ^»lt  klioWH 

,miii  hi.  .n.i.  I.    is  used  as  a  restrain'  i   m  tin   d«  \c|.,|,< 

e  plates;    it  is  also  employed  to  restrain  ami  r..ntr«.| 

epil.  ptie     Ills     Ml     mail. 

I  st  dements  and  tissue*  \\ith  It.  at  ing  and  cooling  and  find 

them  MIL 

ical  union  •  •!  the  .  |.  nu-nts  h\dn»gcn  and  purple 

it  I.  tix  :M..U  !i,  ..i  frogs'  eggs. 

1  1  .n  an.  I  'ut.    int.*  h\  iln^'i-n  io<li 

\  -...ilih-j  sulphur)  tli.    MIH..!,  takes  four*. 

tt  850°  (  day*. 

months. 

i  i.  in  |  ..  1.  1  tun-  year*. 

I 
I  '<>gsv  eggs  dev«-l«'p  : 

\     lo    (     111  8  16  days. 
:  days. 

..  i:,   i  .  ..  -j  .1  (Oaou  li<  rtwffl 

Th.  v   tMiinpan-   tli.  I    action   ..f   rlnin-iits  and   plants  and 

find  tl».  -in  similar:— 

1.  M  I   warm    the  gases  •>  m«l    h\<lr..^.n:     tin  \    unit. 
s|,,ul.                                   r.      Mut    on    a«l«hiiL:    a    WTJ    mmutr    .juantitv    .»! 

'  I..  I  platimiin.  .  -\.  n  as  dilute  as  1   .,|  platinum  ill  7  0.000,000  parts 
Of  Water,  they  unite  rapnllx  . 

2.  Yeast  hastens  the  feriu«-ntinur  <•!  starches  and  sugars  in  barley 
•i  ni  alcohol,  as  in  th<    hi«  UIIILT  "I  •»« 

Th.  \  c.-nipan-  the  .  i  e|.  in.  nts  and  tissues  on  eh  ct  ric  shock 

and  find  them  similar  :— 

I  tall  into  definite  lines  \\hen  shocked  I  IN  .  lectio- 

magnet 

THIN    li\  IIIL  do  t  he 

I  metal  potassium  jerks  and  recovers  on  elect  rie  shock 
(tig.  45). 

The  muscle  oi   the   1  1  og's  leg  also  jerks  and  recovers  on 

trie  shock  (litf. 


and    iron    in    \\at<  :..-nsi,.n    take  opposi  tions  on 

;,. 
Tm\    liMiiir    beings—  Ciliata    and    Klagellata—  do  the  same,  and 


II  I  III      I   II  I      01      M  \TTI   i; 

<>n   the  shock  U  in^  iv\er>rd  they  cross  over  and  reverse  like   mm 

III  the     L'  ll.ihn.i. 

Tin-    «h\nlers    ..|    .  I.  in, nt    tiMin    tissiir.   the    nniters  «>!'   element  to 


(After  J.  J,  Thornton,  of  Cambridge.) 

Fio.  43. — C«ir« I  .UK!  iron  filings  scattered  thereon. 

N<'t«  tl,  <  >f  t  he  tubes  of  action. 


(After  IVmwfi  and  <>*fnT  /Irrlwig.) 

KM..   14.     Th<-  minute  organisms  Paramcecia. 

The  organisms  are  in  iratarj  in  response  to  the  constant  cun-nt 
they  arrange  themselves  in  curves,  make  for  the  negative 
K  and  finally  congregate  beyoixi  it  ("    alvanotropism  "). 

tissue— let  them  fi^ht  it  out.  The  dividers  have  never  proved 
element  to  be  distinct  from  tissue  ;  the  uniters  have  never  yet  made 
a  plant,  or  an  animal,  or  a  man  out  of  clay. 


1     I   I   I  Ml  A  I      |u    I  I--I    I 


u 


K  .Km  fancied  that  life  may  have  been  borne  to 

tl,  up..!,  iin-t.  .MI t.s  or  starry  particles.     But  this  view  merely  dis- 

ccs  ti..    j.i. .1.1.  in. 


///»•    Of 


A  reprennu  the  conductivity  of  the 
the  thick  dote  «,  •*.  S  the  indii 
••oh  of  which  there  001 

.  .  f      •  •  I  •  •«  •  !  f  I  •  •      •  '  •  •  !  ;  •  I  'I  •    '  :  •       ' 


FIG.  46. — CarbooiMd  paper  on  a  revolving  drum,  and 
muaele  twito-hew  of  a  frog  shown  thereon.  Each 
time  the  drum  Kwinn  round  the  mutoto  oontiwtn, 
then  laxea.  But  with  each 


pletdy  ("  fatigue  "). 

Let  us  be  content  \\iththranrirnt  vrnhrt  :  ( )f  dust  thou  art,  and 

unt,>  <lust  th»u  shalt  n-turn.      And  l«-t  us  pass  on. 


-       -I.    I  ION    :: 
11SS1  l.    PLANT     \XD  ANIMAL. 

*      .N|,|,  r  tin-  changes  of  plant  and  animal  ami  man.      llnw  shall 

-ni|iass  so  great  a   fit-Id.  .ntn.ll.il   by  experts? 

nnhr>  ..logist  adininni:  the  growth  of  a  man  out  of  a  nunutr  piece 
apparrntlx    sin.pl,-  jelly.  n   im-h   in   iliaim-t.  r.  or  detecting 
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(After  William  Leche.) 
Fio.  47. — Stages  by  which  first  cell  becomes  two. 

The  magnetic  dot  divides.  The  dark  -taminu  filaments  of  the  inner  kernel  form  .1 
spiral,  which  then  becomes  the  hereditary  rods ;  these  rods  appear  to  divide,  and 
one  half  go  one  way,  another  half  go  another,  moving  towards  their  respective 
dots.  Hence  appear  two  kernels  and  two  cells  instead  of  one. 


ii     PLANT  AND  ANIMAL 


»: 


»8.-  William^ Harvey,  oHieoTOfei  of  the  otnraUtion  of  the  blood. 


of  (ho  blood  in  the  beart. 
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the  first  pulse  of  the  chick's  heart.  The  anatomist,  like  William 
Harvey  (1578-1657),  tracing  how  the  heart  pumps  the  blood  1'n-sh 
from  the  lungs  to  bowel  and  bone  and  brain  and  muscle  by  UK 

artrru's  an<r<-imilatrs  it    hack  again  by  the   \<  ins.      The  evolutionist 


(From  a  photo  lent  by  F.  A.  Lucas,  Director  of  the  American  Muxewn  of  .V/j/i/rn/  History.  An/-  York 
and  W.  I).  Maithev,  Curator  of  the  Department  of  Vertebrate  1'aiavniolnyv  in  the  tame.) 

FIG.  50. — Possible  evolution  of  foot  and  horse's  hoof. 

Side  views  of  six  stages,  called  Eohippus,  or  early  horse,  Mesohippus,  Miohippus.  M< 

hippus,  Hipparion,  Equus.  Eohippus  had  three  toes  and  a  rudiment  on  the 
hind  foot :  two  toes  are  here  seen.  The  gradual  drawing  up  of  the  side  toes  and 
the  steady  change  of  the  finger  into  hoof  is  evident. 

tracing  the  creation  of,  say,  the  horse  :  the  early  horse  (Eohippus), 
about  the  size  of  a  fox,  running  on  its  hands  and  feet,  with  four 
working  fingers  in  the  hand  and  three  fingers  in  the  foot :  the  modern 
horse  larger.  And  in  the  series  Eohippus,  Mesohippos,  Miohippus. 
Protohippus,  Pliohippus,  to  the  modern  horse  Equus,  he  sees  a 
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51  and  52.— Evolution  of  hone's  hoof. 
Protohippua.     63.  Mcoohippua,     From 


n 


Hi 


,r 

Fro.  53.—  The  feet  and  bone  limb*  of  the  hone 
with  thoee  of  it* 


so  TIM:   in  i.  01    M  \TTI.I; 

* 

gradual  increase  in  tin-  si/e  of  the  horse,  nlon^  with  a  st<  luc- 

ti(.n  in  the  number  and  size  of  its  fingers.  He  tells  us  the  nail  of 
the  nnd-t'miM  T  has  "evolved  "  into  a  hoof. 

Or  the  experimental  "biologist"  successfully  crosses  the  stariish 
with  the  sea-urchin,  and  describes  the  new  tissues  he  has  called  forth. 

The  nuinher  of  such  facts  is  endless.  \Vho  shall  <niide  us  through 
them? 

Let  us  follow  Charles  Darwin  (1809-18S1M  to,-  :l  while. 


Fio.  54. — Goethe,  1749-1832.     One  of  the  pioneers  of  the  evolution  theory. 


CHARLES  DARWIN  AND  NATURAL  SELECTION. 

Darwin  !  That  was  the  man  who  said  we  sprang  from  monk 
was  he  not?  This  grasps  the  view  of  Darwin  that  the  various 
forms  of  plant  and  animal  are  not  fixed  but  have  changed  the 
one  into  the  other,  but  it  loses  si^ht  of  the  principle  he  worked  to 
comprehend — the  Origin  of  Species  by  Natural  Selection,  the  survival 
of  the  fittest,  "  the  Preservation  of  Favoured  Races  in  the  Struggle 
for  Life." 
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»;  all  great  prmeiples  it  i§  easy.  KirstU,  *  selection  i»  made 
by  Nature  every  (lay.  A  female  herring  brings  forth* 40,000  eggs  a 
year,  and  u  it  <!<«•  KO  for  t. -n  \« -ars  it  produces  400,000.  The  total 

niiinlM  r  -I   IM  •rnii.'N  is  n..t   im-r.  -aMii^  i»r«-at  Is  .      If  tu..,,|  th«-.    s,ir\i\.- 

tcc,  what  happens  to  the  other  899,998  ?    Th« 

I  .l«-\..iir.-«l  :     t! 

I  '-.mi    is    a  r,    I"  ^iiniiiiy    at    the  age  Of 

thirty  and  continuing  till  aKont   inn.t\.   hut  .,  slowlx 


Pio.  M.— duuias  Darwin. 
The  medallion  in  the  north  able  of  W« 


Abbry. 


in  th<   si\t\  yrars  »\\\\  some  thn-r  pairs  of  young  ones  are  produced. 
I  the  young  had   survived  till  th«-y  were  capable  "f  repro- 
du.Miii:.    elephants   would   to-day    be   swarming   over    the   earth    in 
tmlli.  hin-r  ,,ut   the  other  races  before  them.     As  this  is  not 

the  ease,  we  eoneludr  that    many  elephants  die. 

Darwin  saw  there  was  a  difference  probably  between  those  that 

died    and    those    that    survived.      He    pereeivcd    that    if   1000   young 

are  battling  in  a  fight   for  existence  against  each  other 

ami  a^amst  th<   "  i-iv,  s        \  then  those  that  do  win  through 
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are  not  usually  the  weakest,  but  rather  the  strongest  or  cleverest 
or  most  adaptable.  OIK-  hundred  and  forty-six  human  beings  were 
thrust  int»»  tin  Hlack  Hole  of  Calcutta ;  only  twenty-three  issued 
alive  in  the  morning,  and  these  twenty  -  three  were  not  the 
weakest. 

Darwin  records  another  instance  in  1864.  On  24th  May  of  that 
year  there  was  a  severe  host  which  killed  and  blackened  878  out 

390  scarlet  runner  plants  in  his  «rard< -n  :  lour  days  later  a 
still  more  severe  frost  occurred,  and  only  three  plants  survived 
the  ordeal  :— 

14  It  was  impossible  to  behold  those  three  plants,  with 
their  blackened,  withe-red,  and  dead  brethren  all  around,  and 
not  see  at  a  glance  that  they  differed  widely  in  constitutional 
power  of  resisting  frost." 

Here  the  quality  of  resistance  to  external  cold  was  selected. 
More  particular  qualities  could  also  be  picked  out.  Tims  .James.. n 
found  a  small  sandy  island,  the  North  Hull,  on  the  north  of  Dublin 
Bay,  thickly  populated  with  a  mouse  lighter  in  colour  than  those 
of  the  mainland  from  which  they  were  derived  :  owls  visited  the 
island,  and  had  apparently  picked  off  those  not  blessed  with  a  pale 
buff  fur. 

In  a  part  of  Virginia  the  pigs  are  all  black,  for  the  white  ones 
lose  their  hoofs  by  feeding  off  the  poisonous  roots  of  certain  plants. 
The  inefficient  go  to  the  wall.  In  every  generation  the  quality 
most  useful  for  life  is  selected.  The  Polar  bear  is  white,  because 
the  brown  or  black  bears  could  not  stalk  their  prey  unseen,  and 
so  died  of  hunger.  The  useful  was  kept,  the  useless  rejected. 

The  Challenger  Expedition,  and  later  the  Deep  Sea  Expedition 
of  1898-99,  found  that  many  oceanic  fishes,  crustaceans,  and  molluscs 
possess  lanterns,  complex  structures  reflecting  the  light  and  assist- 
ing the  animal  to  find  its  food  or  attract  its  prey  ;  now,  on  the 
argument  of  natural  selection  forms  developing  such  structures 
would  be  advantaged  in  the  race,  and  ultimately  be  selected. 
The  owl  has  large  eyes,  for  those  with  the  biggest  eyes  caught 
the  most  mice. 

Mr  Belt,  describing  the  armies  of  foraging  ants  in  Nicaragua, 
which  devour  every  insect  they  encounter,  says  :— 

44 1  was  much  surprised  with  the  behaviour  of  a  green, 
leaf-like  locust.  This  insect  stood  immovable  among  a  h< 
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•!,...  it  •  vcn discovcr- 

•d      ttithm     tin  i!  -   ,     h\,d      \\.t 

!  met  i\  r   km.tt  1.  -L"     that     its    sal' 
dej  on    its    iininoxaliilits  .    t 

it      allotted     in  <  k      it      up     and 

•  l.i.-.    it  among  the  ants   \\ithout 

ikm^'     a     smu'l'      effort      t.. 

This   spreies  e|osr|\     frselllhles  a 

These  qualities  of   i  still    and    <>l 

imiiiKTs     t-.    surrounding    have    arisen,    DC- 

raeh     :  f|on 

plek«  d    .-lit     thesr    |.. rusts    that    kept    still  aldl 

hkest  leaves,  and  so  preserved  them. 
Thr  .-..in moii  shore  ei  the  same     h<  s 

keil.    and    I-  all    the 

id  like  a  st.- 1 

.itfain.    tin-    ternl's  mi;    (\.niaii 
.-at<  rpillar.      th.       rattl.      -I      th.       lattli-- 
snake.    the    immierx     "t    tin-    wasp-like    moth 
to    the    \\asp.    ha\e    all     aiis.n     heeause    such 

({ualihrs    scared    attaek<is    a\\ay,    and    so 

selected  out 

leath.        Man    thn»N\  s   and   walks 

t    because    the   <arl\     mm    \\ho    tailed    to 

alarm    attaekm-r    beasts    by  so   rising  ami 
thn. \\rn-     ' 

I  >uekthorn,  and   the   bar- 

iti\.  leaves,  So  that  \\hrn 
iu-il  they  dratt  hrhiml  a  rampart  of 
us.  just  of  the  ri^'ht  length  to  pr- 

i  had   no   thorns    they  uould 

be  eaten  by  cattle.     On.    ,-r. .\\    pairs   \\ith 

make  a  nest  Th. 

•miles     unit.  -nil    a    drtnisi\, 

rook-  i-     strag^l.  i  invariahly 

i     «MI     l.\      hawks    and     otlnr     hinU     F,0. 
of    prey.        Ami     sMim-t  lines     the    pn.ers, 

selection  affeets   man   on  I         1  s8»-87  outbreak 

eholn-a    in    the    South  I  u rope  caused    about   250,000  deaths; 
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Fro.  57. — Mimicry  to  sxirronndings. 

Pool  on^the  sea-shore.jFirth  of  Clyde,  with  sea-weed,  shells,  and  small  ston< 
Puzzle,  find  the  crabs. 


(Afltr  W.  P.  Pfcrafl,"  The  Infancy  of  Animal*.") 
Fio.  58. — Mimicry.     Nestlings  of  the  common  tern. 


Fio.  59. — End  of 
snake's  tail. 
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aii*>t I  K»II  |..||..\\,.|  in  ivrj  ••"»   un<i    |.n.t«i  i.\  mad  and  rail 

Imha   t     i;       . i  aii. I  thru.  V.rtt..  m  i;«in.|M-  uith  great 

ia|>i.lit>     ami    .1     '  i^nislll    being    Vt  T\     Mi 

I        i»e  escaped-  th<    j,n  «hs|Mi«cd  ttpccimeut»  hud 

i\     u,..|..i    ..ill     l,\     tin-    rarhrr    .  .ut  brt'llk. 


in  -prrag. 


60.—  Miiiiii-ry  "f  th.-  u«i^| 

H.Ht 
Kcnmngton. 


to  WM|>  H.Htor 

ot.  South 


I'     .«-«,,linur    ,,,,    ,,,;,  sll(.|,    facts.    (  'harlrx    Dar\M!i    cognised 

\ 

(1)   No     t\\..     in.  ml,,  i-s     ,,f    a     family    arr    rxac-tly     ahk<-  : 
natural  <li\  rrsity. 

I  the  litt.-st  :    the  best  bein^  I  t«. 

isinit   t  hnr  i|iialitirs  t<>  «»tli- 

Daruin  aK,,  a|»pli<«l   ti  a  to  thr  iiidivitlual  organs  and 

parts  :— 

'  \\  h<  n  all  animal    lias  to  struggle  throughout    its   lit*     \\ith 

mans    •  tors   ami    «  nnmrs    timlrr   cirruinstaiuM  s    mom- 

al>l\    r..ni|»l.-\    ami    liahlr   t«.  change,   mo<l  >  tif  the 
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most  varied  nature  in   the  internal  organs  as  \\«  II  as  in   the 

«  \t<  i  nal  character,   in    the    fnnet  i«»ns  aiul    mat  erial    relations   of 

parts,  will  be  vigorously  tested,  preserved  or  rejected." 
On  the  whole,  use  pres<  r\< -s.  disuse  destroys. 


DARWINISM  AND  THE  HUMAN  BRAIN. 

And  the  predominance  of  such  an  organ  as  the  human  brain 
is  attributed  to  the  process  of  evolution  by  survival.  In  the  course 
of  time-evolution  there  were  once  little  pieces  of  moving  jelly. 
Each  littK  jelly  was  built  up  of  grains  or  particles.  All  of  these 
grains  are  sensitive  a  very  little.  One  fine  day  a  few  grains,  more 
than  the  rest,  happen  to  collect  together,  and  so  permit 


OO 
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FIG.  62. — Is  this  the  origin  of  the  nerve-re. lex,  skin  to  muscle  ? 

that  particular  jelly  to  feel  a  little  better  than  its  neighbours.  Such 
sensitiveness  pays,  and  enables  that  jelliet  to  evade  more  quickly 
the  approach  of  danger  or  injurious  fluids.  So  it  survives.  This 
tendency  to  gather  sensory  particles  into  a  sensory  mass  or  cell, 
upon  inheritance,  occasions  the  establishing  of  a  race  possessing 
sensory  cells.  These  cells,  originally  on  the  surface,  gradually  sink 
into  the  interior  as  the  race  develops,  but  leaving  a  communicating 
link  in  the  shape  of  a  nerve.  Thus,  as  in  the  figure,  we  arrive  at 
a  central  sensory  cell-mass  with  a  nerve  to  the  surface.  Also  at 
another  point  the  jelliet  develops  a  contractile  material  called 
muscle,  and  this  too  links  up  with  the  central  sensory  mass,  or  brain, 
of  the  creature  A  simple  reflex  arc  was  thus  formed,  by  which  the 
jcllict's  sensations  can  be  translated  into  motion.  These  forms  in 
\\hieh  this  linking-up  process  has  gone  furthest  survive. 

In  relation  to  the  brain  the  sense  organs  are  similarly  produced ; 
perceptions  arise,  and  memory,  reason,  and  will  are  made  possible. 
But  note,  all  this  brain  power  is  still  reflex  to  the  environment. 
Our  intellectual  processes  of  to-day  appear  very  complex,  but  they 
are  just  a  number  of  simple  reflexes  that  have  run  together  to  form 
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i.|e\  r.  ii.  \.     It  is  now  some  i  -  ars  ago  sincr  All.  -n  Thomson 

\\      :  >  not  ki.  nervous 

lil.i-          \\       hax.    --MM!  reason  to  In-Ill  \r  that    li\    S..IIM    M,.«||ftea~ 

t...i.   ..!  I.-,    in   its   passage  through   thr   i  :i  an 

SjfcTi-Ilt       II.  Mlp,rss|,,||       Is      eolix.rt.d       Hit-,      all       iffrnilt 

n..|Miis.    in  tin    |.i,.  n  il'  \  action*      \-.-i  it  does  no 

\  Kol  -Mr,  |,ti..M  to  «  \t.  nd  the  same  view 

to    ll.«     ML.  i.     roinplrx    tin  cl  uithni    tin 

ganglia.  h\   uinrii  all  tin  M   ii  i.  lions  which  we  st\|.   automatic 
appear  to  be  regulated  without   the  ro.,,p,  r.,ti..n  or  e<» 
of   \\iil    oi    int.  -Ih^'i  IH  ••  .      Wh«  M.    I.,,  NMMT.    the  fuune  afferent 
ini|in  SM..H  \\lnrli  causes  a  ^iin:  i  ore  complicated 

ant  -n    narlirs    tin-    Inchest    part    of   tin     I,  rain   and 

results   in  ;>ti<>M.    \\li.it    ^f  -nnils  have  we, 

on  ati\   |»h\  siological  or  srimtitic  j  »i  1  1  id  |  di  .  tor  asserting  that 
that    change  which  follows   is  ..tin  r  than  a  higher  manifest** 

•lls    J>r..j 


Hut    s.-in.     natural  -t    the    rcll«-\    «.f  tin- 

in    its   ,.,t  \lfrci  I    Hnss«|    Wallace  (1828-1918)   |M-|I.-\TS 

tli.    niatl  :   ta.-nlt  \   t<>  I.,    one  "i  tin-  ln-liest  essences  of  man, 

ami  iinli  -|M  -mli-nt  ••!'  natural  s,  |,  <-t  i.  .n.  An.  I  Wallace's  criticism  is 
Of  Weight.  was  tin  c..  .hs,  with  Darwin  «•!'  thr  |»nn<M|»lr 

Of  Select  i.'ii  :     lu  .   l\r  n   the  Mat    •-!    his   hack,   in  a  tnolueca 

jungle,  while  Darwin  was  working  patnntl\  in  Knu'laml  at  his  books, 
his  garden  and  his  JULM  "i"s  ;  t..  Wallace  thinking  over  Maltlius* 
Essay  on  Population  "  there  suddenly  flashed  the  uh-a  «»f  thr  sm 

hr  posted  his  essay  "On  the  Tend. 

to  Depart  indelinitelx   t'n»ni  the  (  Jnuin.tl  T\|>e"  to  Darwin,  and  their 
.-ided  even  t..  the  heads  «.f  their  ehapterx. 

We  have  to  ask  what  relation  the  meeearfvc  stages  of  im- 

.  nt  Of  tin-  inatheinatical  faculty  hears  to  the  life  or  death 

its  possessor  'he  struggle  of  trihc  \\ith  tribe  or  nation 

\\ith  nation,  or  t.«  the  ultimate  sin  \  one  race  find  th- 

tinrtion  ..t  '  anothi  r.      If  it  cannot  |>ossil>|\    liave  had  any  such 
thin  it  cannot  have  been  pnMluced  h\  natural  selection. 

"It  is  evident  that  m  tin  struggle  of  savage  man  with  the 
rlrnimts   and    with    wild    beasts,   or  of  tnln-    with    tnU-.    this 

ulty  can  ha\<    had  no  influence.      It  had  nothing  to  do  with 
the  early  migrations  of  man.  or  with  the  conquest  and  cxtrr- 
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imitation  of  \vrakn-  by  more  powerful  peoples.     The  Gieekl 
<li»l    not  successfully   rrsist    the     Persian     in\a«le,s    l»\    any    aid 


(Photo  by  T)i1>rnlfim  <f  Gould.) 

Fio.  63. — Alfred  Russel  Wallace,  discoverer  and  land  reformer, 
in  the  year  of  his  death. 

from    their  few    mathematicians,   but  by   military    training, 
patriotism,  and  self-sacrifice.     The  barbarous  conquerors  of 
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th.     Kast,    'rninirl.-ui.-    and    t.-nkhis    Klian.    did    not    «.u,     their 

success  to  any  siij  -r  of  i Mathematical 

factiltx    in  themselves  «.r  tl.«ir  io||,,uers.     I  if  the  great 

ts  ..!  it,.    luitnans  wen-,  in  part.  -in.   to  t  h '  i  r  * ytitematic 

military  organisation  ami  t«>  tin  n  skill  m  making  roads  and 

encampments.      "Inch     ma>.      perhaps.      \><       imput.d      tfl          '    • 
exercise    "I    the    math-  dt>.    that    did    n<  .t    prevent 

lii -uiv;  eon.pieied  111  turn  hv  barbarians,  in  whom 
it    \\as   almost    .Mtii.lv   absent       And    if  we  take  the  moat 

is,  ,1  p.  ,,|,!,  ,  ,,t  t !,.    am -i. nt  Hindoos,  the  Arabs, 

the  G  '        '•'         "^.  »H  "i   "h<»iii  had  Home  anionnt 

•natli.  in.iti,  -al   talent       \s «     tiixi    that    it    is   not    these.    Imt    the 

descendants  . -t  the  kwrharians  of  those  days — the  ( Ylts.  the 

I  .     and     the    .S|a\s       \\li-.     ha\<      j,,,.  tllftclvCS    the 

fittest  to  siii\i\'  111  th.  L'i'.it  stniu'L'i'-  "f  races,  although  we 
Cannot  traee  thru  steadily  ^r««\MH:-  ^s  during  past 

tmiei  rith.-r  t..  the  P..SM-SMOH  i-tional  mathe- 

matical fm-ultx  or  to  iti  i  liave  indeed 

\ed    theinx.  l\.s  to-day  to  be  possessed  of  a  marvellous 

i  iidouni,  lit     -I    tli.     mathematical    facility;      hut    their   SUCCCSS 

at  home  and  abroad,  as  e<>l<>msts  <>r  as  conquerors,  as  indi- 

M.luals  «,r  is.  eali  in  no  \\a\    IM    trae.-d  t..  this  faeiilty. 

sm,  \\«  I,      almost     the    last     who    devoted    themselves    t«. 

its  \.  rcises.  We  ronelude.  then,  that  the  present  ^i^antie 
development  of  the  mathematical  iaeiilt\  is  \\ho||\  unexplained 
by  the  theory  of  natural  selection,  and  must  be  due  to  some 
alto:  list  m. -t  cans.  '•  (Darwinism,  chap.  xv.). 

To  which  the  Western  «  \|X?rt  would  respond  :  "  This  is  all  very 
well  as  literature.  Hut  w«-  have  m-\«-r  \  et  asenln.1  the  HMQesjBj 
of  barbarian  peoples  to  a  possession  of  high  math*  matical  qualities. 

All   we   claim    is    that    the    mat!  I    t'aeultx     uas   at    every    JH  riod 

•i.piiiir    up    m    MXHe    mdiM.l'.  d    when    m    nmdem    tinu-s    tin- 

ground  became  suitabh   it  <  aim   to  the  fore,  was  seized  upon  |»\  the 
•n.  lit   and  li\ed.      Superior  intellects  attain  their  full  develop- 

incut  ouU  m  an  intellectual  atmosphere.  Observe  that  boy  trying 
to  learn  the  bicxcle  ;  \,.u  can  see  the  c\d,  \  movements  are  acting 
on  the  boy,  in  t  hat  boy*s  head  ;  in  his  lesser  brain  there  lies  a  balancing 
.tre;  and  you  can  r.  duet  the  a«-t ion  to  a  bare  equation  :  Balance- 
centre  of  brain  x  bicycle  movements  —  learning  to  ride.  The  boy  is 
automatic.'  In  sm-h  a  way  natural  or  external  u  comes  to 
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be  regarded    MS  tl.«    canst  even    «»f   tin-    highest    ;itt  rilmtrs  ,,!*   human 
u«  urns. 

OIH-  (juahty   <.r  tiss,,<  especially,   namely  adaptability,  can    In- 
selected   ami    transmitted  in. in    <reneration  on    to  generation.      As 


ami  (>5.— Beech  trees  on  the  north  road. 


EAST 


Fio.  66. — The  west  and  east  types  of  beech  trees. 

to  grasp  this  is  to  understand  Darwin,  let  us  now  consider  three 
examples,  one  from  plant,  one  from  animal,  and  one  from  Inuii.m 
tissue:— 

1.  Plant. — On  a  certain  road  to  the  north  there  are  two  rows 
of  beech  trees  some  200  yards  apart.  The  west  row  occupies  the 
crest  of  the  ridge,  and  is  more  exposed  to  the  prevailing  wind  ;  the 
east  row  lies  parallel,  but  sheltered  in  the  hollow.  The  type  of  tree 
west  and  cast  is  not  identical.  The  two  types  are  shown  in  the 


..I 


iagram,   the    west    type    with    trunks    divergent    near    tin-   ground 

•  •IN    a      li-it     main     trunk,    tin-    rust     type    a    distinct     trunk 
I'      Tin   numi"  arranged  !•>  three 

,  follows : — 


\\  .«t  Row. 

KAM!  K  <  •«* 

•••Pv   »%*Jw^ 

u 

K~l  type. 

17 

^——^—  —••—»—«•-•»—  •—•.-—i 

12 

1 

17 

in     tin-     west     row,     when      tin-     wind     falls     heavier,     their 

a   tend,  diverge    from    tin-    east    type  \ 

indicates  how  the  west  tree  will  \\itlistand  \\ind  In-tt.rthmn 
east  type. 

Nat'  <>n  argues:  This  quality  in  the  trees.  ,,f  adapta- 

:« -sistilnlit\ .    has    h«  ;...!    on    tin  in    I,-,     outside 

i.   it    I,,  in-    .\.i   tin-   n Hist  adapt al tit-    t'.»rins.  the  ones  most 

•  nit    additional    n  •«  »t  s   and    liraiirhmg   low   down 

•!imk   that    \vithst. ....I  tin-  \\iinl.     Tli.  >vs   .,t"  trees 

exposed   to  a   diff» n m-«     in    tin     strength    of  the    wind;     t 

le  :    limn-  th.ir  diff.-ivnce. 

I       tninial  tisMK.  p.  rliaj.s  as  good  an  example  as  any  of  tin- 

adapUihility    is    th«     ml  tin-    eapaeity    to   re- 

lost  parts.     Crahs  and  lobsters  regenerate  their  N»st  claws. 

Spallim/aiii  saw  tin*  legs  and   tail  "i   a  salamander  grow  six  times 

!:•    had  cut   them  <>ff  si\   times,  the  animal  pn»<iucin^  no  lew 

087  perfect   IM.M. -s  m  DM  MMQIL     Loeb  amputated  the  head 

of  a  polyp,  and  the  beheaded  stalk  on  beim;  sus|>ended  in  water 

oped  a  mouth   and   tcntad-  (M  r  cn.l.      V«.n   Hul«»w  cut   a 

w..rm   mt.  u   parts,  and  got  thirteen  wornis   in   reply. 

Regeneration   is   a    strange  thniLr  md<  •  <i.     (ut  a  small  piece  of  a 

w..rm  and   leave   it    I\IIIL:  «>n  HUM  and  it    llattciis  into  a  jellv- 

hk<     mass   and    puts   off   little   ^r.-u  mu'   feelers.      John    Hunter  trans- 
planted the  spur  of  the  c,M-k  on  to  its  mini),  when-  it   jjrcw  to  such 
a    length    that    the    l>ird   could    not    touch   the   ground    with    its   beak. 
Tormer  eut    into  the   luiddin^   limit  of  the     1    \    loping  frog,  and 
limbs  grev  id  of  01         U    similarly  a  surgeon  transplants  the 

skm  from  the  U-  of  one  man  on  to  the  arm  of  another. 
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Granted  that  adaptability  can  be  inherited,  it  is  easy  to  see  how 


Fio.  67. — John  Hunter,  British  anatomi-t 

regeneration,  which  is  one   form  of  adaptability,  can  arise  by  long 

centuries  of  selection.  As  it  was  useful 
for  newts,  crabs,  starfish,  and  worms  to 
grow  off  new  limbs,  the  forms  adaptable 
enough  to  grow  them  succeeded  in  the  race 
of  life,  while  those  unable  failed. 

3.  A  man  goes  travelling  in  lead-pipes 
with  a  bag  of  samples.  The  weight  pulls 
on  the  right  biceps  and  the  muscle  en- 
larges. Why  ?  Because  in  early  ages  those 
creatures  'survived  whose  muscles  adapted 
themselves  most  quickly  to  the  pushes  and 
pulls  of  the  external  conditions.  This 
quality  of  adaptability  being  now  in  the 
muscle  of  the  man  enables  it  to  change  in 
response  to  weight. 

Let  us  sum  up  the  points  so  far  :— 

No  two   plants    or   animals    are 

Fio.  68. — Regeneration  of  star-  .        ... 

fish,  from  »ngle>nn.  exactly  alike. 


ADAPTAHIUTY 

In   each  generation  of  plant   and  animal  each  one  has 

qualities  of  its  own. 

I  t  adaptable  to  external  nature  um  through 

t..  l.an.l  ..ii  tli.-ir  qualities. 

I  ay  thus  be  said  to  control  or 

the  qualities  nf  plants  and  animals. 


I  .1  of  plants,  animal*,  and  man  by  tl 

•••     i-  the  essence  «>i    I  •  m.     Tin 

lii     Of  nces.     In  alluding  to  the  changes  of  wild  clucks 

loum.;  "ii  tli«-ir  domestication.  h«  says: — 

M     II         •      "ind  tint   Ins  youiitf  birds  always  changed 

!.    eharaetiT    in    tin     OOU1  -r    thr«« 


PIG.  69. — A  change  t..ll..\»nn»  pu*h  of 

generati"Ms.    n«'t\Mthstan<lin«;   that  great  care  was  taken   to 

-ini,'    with    tame   ducks.     After    tin     tlunl 

his    hinls   l..st    tin-   rlrjjant    carriage  of  the   wild 

and   Ix-Ljan   t«»  acquire  the  tfait   «»f  the  common  duck. 

I  iscd  m  six  in  each^'  nd  their  legs  became 

less    I'm          I         \\hite   collar   nuind    the    ne.-k    "t    th«-   mallard 

heeame   hroader  and   less  regular,   and   some  of  the  longer 

|>in  liccainc  more  or  less  white." 

I  change  occurred  in  the  form  of  the  wild  duck  foil,, \MIIJ:  on  a 
eh;i!iL.f<    in   the  external  environment.      And   Darwin  <•<•!  that 

in    plants  and   annuals   is   the  outcome  ••:    changed  Con- 
ditions of  lit.        '  :.nt    the  case  under  another  |x>int  of  view. 
it   it    \\<n    possible  to  expose  all  the  individuals  of  a.  species  under 
s  to  absolutely  iin i form  conditiniis  of  life,  there  would 
be  n                      hiintal*  and  Plants,  vol.  ii.  p.  242). 

N\  '  han^e  does  occur   it    is    really   an  accident,   a  casual 
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14  Man  could  make  nothing  of  selecting  plants  and  jiniinals 
unless    their  parts  happened  to  vary  under  domestication" 
twals  and  Plants,  vol.  i.  p.  288). 

Or  again  : 

•That  specie!  have  a  capacity  for  change  >vi  1 1  l><  -admitted 
by  all  evolutionists  ;  but  there  is  no  need,  as  it  seen  is  t<>  me. 
to  invoke  any  internal  force  beyond  the  tendency  to  ordinary 
variability  "  (The  Origin  of  Species,  chap.  vii.  p.  818). 

That  is,  change  is  passive  in  character,  variability  is  "indefinite 
and  fluctuating"  (Animals  and  Plants,  vol.  ii.  p.  845).  "Changed 
conditions  induce  an  almost  indefinite  amount  of  fluctuating  vari- 
ability l>y  which  the  whole  organisation  is  rendered  in  some  degree 
plastic"  (The  Descent  of  Man,  part  1,  chap.  ii.).  In  short,  the 
internal  changes  of  plants  and  animals  are  quite  a  secondary  detail 
to  external  forces  :— 

"  Variability  sinks  to  a  quite  subordinate  position  in 
importance  in  comparison  with  selection,  in  the  same  manner  as 
the  shape  of  each  fragment  used  by  an  architect  is  unimportant 
in  comparison  with  his  skill"  (Animals  and  Plants,  vol.  ii. 
p.  286). 

In  the  tense  rendering  of  one  of  Darwin's  disciples,  Goldschmidt 
of  Munich,  Variability  is  a  consequence  of  external  factors. 

Thus  do  Darwin  and  his  island  and  continental  followers  admit 
the  quality  of  change  in  plants,  animals,  and  man,  but  the  change 
never  springs  from  within,  ever  from  without.  The  change  is  passive, 
never  active. 


SOME  EXPERIMENTS  ON  PLANTS  AND  ANIMALS. 

And  experiments  made  on  plants  and  animals  appear  at  first 
sight  to  support  Charles  Darwin's  contention. 

Mechanical  Experiment. — Ray  sowed  a  mould  in  two  vessels,  one 
of  which  was  kept  moving  rapidly  for  two  months,  and  the  support- 
ing tissues  of  the  moving  mould  underwent  marked  strengthening 
and  entanglement. 

Mathews  shook  the  eggs  of  starfish  gently,  and  they  developed 
into  starfish  without  having  been  fertilised.  Bataillon  showed  that 
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tihsedeggr.  '(.•    frog  can  i,«   made  to  develop  int..  a 

:;io|r    sllnplx     |,\     I.IH,,  it. 

/ 

inllii. -ii.-.-    tn    d.-t.Timmni/    th-  plant.      The 

fir  tn.    stnkm  upwards   hk«    ,-,   n.  ,-dl.    h,,.,,   i|,,    L.,,,.n,d,   aii«l   if   the 
•pini;   «  .-lit    a"  tl,,    sid. 

brain  upwards  ami  *    tl,.    mutil.ition  by 

top;    ti..    rooti  iron    «I«.\MI.      i       I   ^Hislnnan 

An.lr.u     kniu'l,!  .11    1809    with   CfiilnfiiuMl    fowe,      ll»- 


MI  l.irth  in  frog  remitting  from  «mple  poneto 
anil  wit?  .HiuU  prooeoi  ot  »n. 


l«-t  feeds  gennfaiatC  "i»  I  r«-\..|\in^  \.-rtu-al  \\ln-rl:  h.  f.-uml  tin- 
primary  roots  grew  rapiilly  •uitwanls  «>n  tin-  \\ln-i-l.  thr  primary  shoots 
Ntnkini;  m  tin-  <•;  I  OOOCOWt  mvvlf  to  hmve 

In-    said,    "that    tlir    little    roots   an     ma-l.     to   .U^sct-iul   and 
tli-    httl.    xh.n.ts  to   asrrmi   h\     SMIIK     .  \t<  mat    cause,  and    not    )>> 

mlu  -n  -nt  m  vegetablr  h' 

//  -//   ,mtl  ('/,///    /  -mrnt.---l^Mi  on,-  rxainpl.         I         two  Imttrr- 

/  .ini'ssa  levana  and   FOIMSMO  prona,  were*  fornicriy  re- 
<led  as  clistim-t    sp.  .  I        unit's  ,,t   tin-  foriiirr  art-  marked 

low  and  black,  ulnl<-   those  of  th.     l.ttt.r  ar<    Mark  with  a  broad 
i>aml.       Tliry     an-    m»w     kiioun     to     !»«•    just    tin-    \Miit.r    ami 
sumin.  i    forms  and    tin-    saim-    sjx-t-irs.      Thr   Irvnna  ivsurs  in 

th.    S|'IIML,'  dult    pmrxji   forms  tin-  name  sumn 

thru    i.i.  .sahds   t->  .  in.  rgr  again  as   levana  the  iv 

6 


r.r. 
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spring.  Dorfmrixtrr.  l>\  applying  warmth  t<>  tin  pupae,  siicc<  ,  <h d 
in  producing  tin-  summer  !'.>rmx<.ut  «•!'  tin  « illspring  of  the  summer 
forms;  \\hile  August  \Y<  ism.mn.  by  applying  cold  to  the  pupae, 


(Aflrr  ''Ian* 

Fio.  7  1  .  —  The  copper  butter!  I  \  •  . 


Hrrtirin.\ 


butterflies  Vanessa  Uvana  (A)  and  Vanessa  proraa  (li). 
A.  Tli*'  \vi»t«-r  forTii.      li.  The  summer  form. 


Fio.  72.  — A  forked  plant,  of  which  tho  ri>?ht  hran-li 
bathed  in  warm  water. 

succeeded  in   producing  winter  forms   out  of  the  offspring  <>l    tin- 
winter  forms. 

Light  Experiment. — A  potato  grown  in  a  cellar  will  turn  towards 
a  hole  through  which  light  trickles  ("  heliotropism "  or  "  sun- 
seeking  ").  Clayton  allowed  six  bean  plants  to  grow  in  a  spot 
where  they  could  catch  all  the  sunshine,  whilst  six  other  similar 
plants  were  covered  from  the  sun  by  a  boarding ;  when  freshly 
gathered  in  October  the  weight  of  the  beans  and  pods  of  the 
exposed  plants  was  to  that  of  the  protected  as  99:29,  whilst 


I  \  I  I  UN  \l      l\l  I  I   |  \(  |. 


</»Aoto  A,  J 


i.—  MiMUrd  and  ora«  aeecaing^  nuking  from 
the  wall  (Irfl)  toward*  th«  window  (ri^ 


Fio.  74.— Marine 
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the  weight    <>f    the    «lr>     leaves    uas    us     H;  :  .->.        If    this    experiment 

becorrret.  it  \\ould   l>«    of  hi^h   interest   to  th<   growing  of  children. 

Any    huly    with     leisure    and     a    garden    \v..ul<l     help     l»\     testing    this 


Fio.  75. — Light  action. 
Tulips  shielded  from  light  by  brown  paper  bag,  on  the  left,  paler  and  lanki*  t  than 
those  on  the  unshaded  side  on  the  right.     The  lit  tulips  show 


nann.) 
I •'!<..  76. — Light  and  tissue.     The  blind  cave-fish  of  Cuba. 

again.  Stahl  observed  that  those  leaves  of  the  beech  tree  ex- 
posed to  tin-  sun  are  distinctly  thicker  than  the  shaded  ones. 
Again,  A.  I).  W;ill<-r  sh.,\v<  d  that  when  light  falls  on  the  leaves  ,,f 
plants  an  electric  action  passes  fn»m  the  lit  to  the  shaded  point. 
Nageli  filled  a  three-foot  «;lass  tuhe  with  water  and  green  spores, 


I  \  I  I  i;\  \\     i\i  I  i  i  \«  i 
1 1  -hi  li.iin  th«    .i|  tin-  till**  by 


KfoUfi 


&m 


v — Two  beech  leavoft  m  mi 

I       I-        : 


M'««r». 

'».—  Electric  cirruUtitm  in  a  leaf  ;  from  lit  «de  to 


black   j..  .1   in  a  \\-\\    Inmrs  t1  th«    tube 

colourless,    tin    minute  organisms   having  all   «-..|l«  .-tol  at  the  lower 
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Fio.  80. — The  bee.  (a)  di  '•>  \vorkn-.  <.r  i,-nml.-; 

I'-rtilr  frin. ill-. 


(Aftfr  Hammerer.) 

Fios.  81  and  82. — Growth  of  salamanders. 
1st  series — kept  on  yellow  background.     2nd  series — kept  on  black  background. 


i  \  n  i;\  \\     i\i  i  i  i  \(  i 


i 


>  tin  ,,l>M-imni;  ..t  the  I.. u.i  .  i.d  they  ascended  upwards 

i        .i:/aiusiMs  \s  niiliii -IK  .  .1  to  move  by  red  or  >.  n.,\\ 

h..t  h\  i. in.  i.f  i,,jht      Bee*  abo  seek  the  tight     KcOogg 

sudd.  nU  -j  l*e»  about  to  swarm, 

so  that  th.    liL'ht  I.--1--  I  from  al-,\.   :    t he  bee*  crept  tip  within 

the   h  i  did   not    m.ik.    th.    nuptial  flight.     Th.   common  frog 

-l".t.  hiit  it  k-  :  ,|...n  \\lntr  flagstone» 

ks  tl.r..ni:h  its  ,  ,  t<>  dnskx    >«  II- 


d  84.—  Flat  Hah  kept  in  Aquarium  upon  checkere 
and  suiting  UMOMelvos  thereto. 

1  /.  On  2-oeatiroetre  aquarea,  aft«r  4  daya. 

(  M.  •:  iiiillimrtre  aquarea.  after  1  day. 


ot    th.     \.ll-.\\    salamander  (figs.   81   and  82). 
\  1       H.  Siiiiuicr    louiul    tlatlish   can   even    bring  out 

hrat.-.l    patt.-rns  on    tlirir    skin,    tlir    l»lark-ainl-  w  hltc  chessboard 
s    t.-niniii:    tin     h.-tt-in    Q|    tin-    a«|iiariiiin.       In    man.    it     is   thr 

J  belief  that    h.    attains  hill  phssn-ai  and  moral  staturr  only 

in  sunh-rht.      This  is  sought   in  the  iii..di-rn   tnatiurnt  of  disras<  .  and 

in  distnrts  \\hi-n-  the  sun  can  bt*  satVIx   plaxi-d  II|M>II  thr  Unix  during 

a   in   the  warm  vallrys  of  tin-  Swiss  Alps,  disemsed  and 

ul.  .us  little  rhildn-n  arc  gradually  acclimatisol  t-»  it  till  finally 


72 


Till     LIFE   OF   MATTER 


they   work    practically   naked    in   the   lidds.   waxing    I'at   and  sturdy  on 
the    milk    «»f   the    farms.* 

And  considering  man  in  the  mass,  the  main  waves  of  human 
transmigrati  .M.  Celt  then  Teuton  then  Slav,  carrying  custom  and 
language  from  the  Kast  to  Kurop,-  ;md  thence  on  to  people  the 
new  worlds,  have  rolled  westward  after  the  sun  -sun-seeking  upon 
a  vast  scale. 


- 


Fio.  85.— X-ray  Lull.. 


W.C.  Kaye.) 


* 


I  i'     sr..      I  '»)<•  passage  of  action  through  MM  it.  i. 

X-Ray  Experiments.— Tissu.  s  also  change  when  acted  on  by  the 
Roentgen  or  X-rays,  obtained  by  sending  an  electric  discharge 
through  a  glass  tube  from  which  the  air  has  previously  been  pumped. 
The  discharge  passes  from  a  platinum  disc  to  a  lead  disc,  and  an 
action  |  it  through  the  glass  of  the  tube  to  surrounding  thim:^ 

— penetrating   flesh    easily,    hut    hciny    stopped    and    shadowed    by 
bone,  so  that  the  framework  inside  our  l><»dy  can  thereby  be  seen  in 

*  Tin-  digging  of  a  Channel  tuniM-l  will  brmj.'  S\\  it/.-H;m«l  within  easy  reach 
of  England,  and  tin-  n-ntin^  of  hospital  farms  there*  by  th<  l',nti-h  Government 
is  a  atep  worthy  of  consideration. 


V\l      l\l  1  I    I   Ml 


botOgTA]  |mtc  realise  tin    mt«-nMt\ 

..!  tti-    \      .  s,  an. I  •  -ii  with, nit  tlinr  hands  and 

took     on  \ 

••\lllrli     |.r..i-.  l'»^l\      rail,.!     t  h«      i-\p«Tllli«  lital     pfo- 

1        \  rkrrs   protect 


-X-ray  of  hmrt  and  chnrt. 


tin-ins.  l\(  ist    such    p.issilili-    IIIJUI-N     l»\     \\rarnii:    lead 

trariwiae,    tin-   rays  can   \»  rt-taniing  the 

^mwtli  ..r  tissue:   thus  tln\  (mn   usni   t"i    stopping  cancer, 

ami  (  .  I:    I1,  IIM<|  thr\  pn-M-nt  ^  <  >nns  regenerating  K»st  parts. 

po  SOUK  t  nn.  s  tl-    \  .t  cancer,  8ciiiMtnu«-N  th.\    n-tanl 

/  innnt.      Tn-at    t  h.     L'n»\Mn.:    rml.rv  os  of  tin-    f  nig  to 

rathnin  and  tin  -\  1.  \.|..j  «M\   than  n«irnml.      Similarly 

n.  .Mn.-rr  growth  of  tin-  skin  .-an  IK-  stopped  ami  even  hanbhed 
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ft,  r  Mnrknrrll  and  <>ttn  Hr**,.) 

Fio.  88. — Cancer  of  the  hand  following  on  chronic  irritation  by  the  X-rays. 


Fio.  89. — A  radium  tadpole  and  a  normal  tadpole. 

The  firet^tadpole  had  been  acted  on  for  twelve  hours  in  an  early  stage  of  its 
growth  with  radium. 


I  \  I  I  i:\  \\     l\l  I  i  l  AM 


flit-  action  of  radium.     Hut  radium  ma\.  on  th.   ..iiit-r  hand, 
s,  at  Becquerel  foun«i  m  i  ^».     i  r  >ome  month*  lie  had 


>  .  before  and  after  vUmuUlion 

OB, 

in  Ins  wajsteottl   porkrt  a  hiinj.  oi  t>  ral  called 

"  jiitrli-  I-  !    an    ulrrr  aj«|M  .m  .1   «.li   his 

skin  .•[.(•.  's- 

/  Plants    UI«.\M! 

«»!'    ir.  .n    salts  ;in-    sa  «l    t«.   <l«  \  .  !«.[>   t  IK  n     li  .. 
wlnti.  hut    tiny    turn   jrrivii   altn-   t..rt\   .  i^ht 
hours'     tr«atiin-iit     \\ith     traces    of    an     ir<>n 
klution, 

1        I'irs      Loeb      has      r\|><  run.  nt«  .1 
th«»n«ui:hl>    «»n    tin-   action  al    salts 

•>On  grou  mLr  tissti,  s.     Hesucc(«i«  <i  n,  Lr,  ttmu 
Ke    eggs    Of    SCa-Urclniis.    startM,.     an«l     ..tln-r 
•>rms  to  <lr\  '  l<-|i   \\itliMiit    the  Usual  !'«  rt  iliMiii; 
pnnvss    l»y  tin     malt-   «-|«'iin-nt.    siu,j,l\    |,\ 
ini;  solutions  ,,f  nia^'iu  siuiu  salts  t»  t  h« 

hirDi  ").* 
limn    salt,    salt    «•!'    potash.    aii«l    salt    of 

calcium    arc   each    ami    all    thought    to    IM 

essential    to    annual    lit>          ;  i    partial    deprivation    makes   a 

tliffe!  id    in    eiti.s    \\ith    a    soft    drinking    uat«-r.    id  firimt    in 


9  Delage  ubUune<l  H  Hiniilar  nwult  by 


*n«l  by  electric  •ctiao. 
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salts  of  calcium,  ricket  \   softening  :m«l   hen. IIIILTS  ,,r  bones,  such  :ls 
khMck-knee,  arc*  commonly  observed. 

Hut    MII    excess    ,,f   salts    is   also    liurH'iil.       Feed    a    plan!    richly    on 
common  salt,  and  it  dies. 

Then    ale. .In. |  '.'       NN'liat    change    docs    alcoli.il    lead    to    in    man.      A 

real  inquiry  into  the  action  of  alcohol  on  man.  to  l»<    valid,  must   he 


•J. 


jA^jL  ^^A^ 


"by  .v.  Fingland,  Glasgow. 

Fios.  93,  94,  95,  and  96.  —  Water  and  weak  alcohol  (whisky)  upon  growth  of  flalTo.lil 
hulks  set  in  similar  earth  and  otherwise  similar  conditions. 

A.  Supplied  every  two  or  three  days  with  a  solution  composed  of  50  parts  wat> 

1  part  "Johnnie  Walker  Red  Label  Whisky." 

B.  Supplied  with  equal  amounts  of  water. 

1.  28th  December  1  28th  January  1914.     3.  28th  Febm.n  •>    I'M  j 


an  inquisition  into  the  health  and  housing  of  every  individual,  of 
every  stock,  over  several  generations,  with  lull  weights  and  statim- 
measurements.  Which  is  impracticable.  All  that  one  can  do  is 
to  experiment  on  plant  and  animal  tissue,  and  thence  inl<  r  the 
probable  result  of  alcohol  upon  the  population  at  large.  As  in  th 
two  bowls  of  daffodil  bulhs.  hoth  fed  with  the  same  earth,  the  OIK- 


i  \  I  i  i;\  \\.    i\i  1.1  i  M  i. 


Ait  I.  \\n\tr  and  a  tauspoonfiil  <*f 

u  hi    k\     t  .  .   t  li>     ..'hum. 

\  ,.-ni  in  i.-.-.  ling  one  K  Outc  mice  with  water  and  a 

sMth  a  mix1  i.l  whiskx,  ontteaspoofiful  .if 

xvluskx  tt.  the  glass,  was  iml  !.».„•  s  t<>  illn  ^t  ex- 

iiiroiirliiNix  i    OWiog  tO  OOQSid  n-.t  anlu  ij»at..l 


• 

07.—  RooU  of  the*  tUfTtMlil  bulb*  in  figs.  93  to  96. 
rooU  Bepamtod  aaaily  ;  the  w«t«r 


i         qieriment  was  conducted  b)  Mr  .\inln-u  \\  .t 

iit  \    t  \\..  mi.  ik«  ii  and  split    int«»  tuo  jfTtHJps 


M 

10 


.il 


:• 


I  v  all  k.-j.t   in  a  large  glass  ease  with  a  division  aeroo  the 

o-ntrr.  i-a.-li  st,|,    mrasiiniii:  L'  n<-h«l  broad. 
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and  9  inches  deep.     There  was  n<>  possible  chance  of  the  two  lots 

In-ill;;     MI1V.I.     ;is     flic     <ll\|si<.ll      \\;is     e<'\,|v<l      uitli      till.        The     whisky 

used  was  "  Johnnie   Walker."  and   the  strength  given  was  1-50.   or 
a  teaspoon  in  I  to  the  glass. 

On   is///  l-'t-hnnirif  P.M.")  the  «  \|>< rimrnt  was  started. 


(Photo  hy  T.  J.  Wath, 

MS.      Simple  test  of  <liT TCTIOOR  of  electric  action  in  fluid*. 
1     Mi-r< Miry.     2.  Copper  sulphate.     3.  Water.     4.  Alcohol  (yellow). 

On  2nd  April  1915  the  condition  was  thus  : 


Whisky  Side. 
4  mice  had  died. 
30  young  mice  were  born. 
22  died,  8  were  reared. 
7  mice  (all  males)  showed  signs  of  skin 


The  40  mice  weighed  30  oz. 

On  5th  May  1915  :— 

Whisky  Side. 
5  more  mice  had  died. 
35  mice  weighed  27  oz. 

On  16th  June  1915  :— 

Whisky  Side. 
8  more  mice  had  died. 
27  mice  weighed  23  oz. 

At  start: — 36  mice  weighed  26  oz. 
On  16th  June : — 27  mice  weighed  23  oz. 

iffht  3  oz. 


Water  Side. 
1  mouse  had  died. 
35  young  mice  were  born — all  died. 
1   mouse   (a  female)  showed  signs  of 

skin  disease. 
The  35  mice  weighed  32  oz. 


Water  Side. 
2  more  mice  had  died. 
33  mice  weighed  32£  oz. 


SKde. 

3  more  mice  had  died. 
30  mice  weighed  29  oz. 


36  mice  weighed  26  oz. 
30  mice  weighed  29  oz. 


Gain  in  weight  3  oz. 


I  \  I  I  i:\  \\     !\i  I  i  I  \(  I  :•• 


I     -     result    IN  iin'" in-lii  line.    ha\i    a   MclOUft  habit 

tin  i-  u,,iild  i  •,»  Uolate  the  young 

uilli    thcil    youi  tin-  earliest.      As    Mr   Wilson    p  marks   in   his 

•so  has   young  on  « it!,,  r  fide  of 

•.,." 

jhiMHirhood  became 

ijint  strd    in    td-  I    t..    \  isit    tin     animal* 

i  c  n  1 1  y . 
\Nhisky    resists    el'  than     «l'x-s    watt-r. 


Fio.  99.— *Senmtivcnc«H  of  frog  to  a  solution  of  sulphurie  add. 

\vhiskv  does  not  run  so  far  up  th<   M<!<  s  <>t  the  glass  as  does  water: 

6  tnixioii  is  lint  the  sanir  as  that  of  wat 

M:m\   experiments,  i»>    r.'ult<»n  and  nth.-i-s.  have  been  made  on 

hirds  and  ainnials  uith  artificial  foodstuffs,  and  the  resulting  changes 
n««t  d. 

Environment  I.   t«rimrnt. — C'han^c  *>r  «  n\  m-mm-nt    represents  a 
mixture  of  cli.-miral  artmn     hudit.   ;  d  «»t h<  r  changes.     Vegr- 

tahli -s  UT"un  .-lose  to  an  exposed  sea-shore  an-  thick*  r  and  more 
stunted  than  t  imse  grown  inland.  N&geli  transplant,  d  Alpine  plants 
int.*  the  Inimical  garden  at  Munich.  Th.  \  alt.  red  greatly  m 
appearance,  hut  1  their  previous  character  <m  tlu-ir 

rn. 

\   d   this  sain,    eapacits   tn  change  m  response  to  environment 
difference  is  seen  pcppcred-moth  used  to  be 

Utogethei  •    light  .-Inured  hut   about  1846-30  a   striking 


so 
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hlack    varietx     made    its   app<  -.-train-.-    m-ar    Manehest  er  :     it    \\as   after 
uanU   notieed   at    inaiix    places   in   the    North   of   Kn^land.   and   siibse 


l-'i<-.   100. — ChiMnii-al  -tiinulus  i.f  potash  mi  L-r.. \vtli  of  • 


f  After  Hfrbit  and  Itrir* 

Fio.  101. — Chemical  excitement  of  a  simple  organi-m  with  salts  of  lithia. 
The  animal  turns  it*  stomach  inside  out  and  carries  on,  to  all  appearances,  cheerfully. 

quently  in  Belgium  and  Germany  ;  since  then  the  black  form  has 
increased  in  numbers,  possibly  in  relation  to  the  industry  darkening 
the  countrysides,  for  it  prevails  in  Lancashire,  Cheshire,  and  the 


Aincrujn  potato-hug  or  Colorado  hectic. 

i  .uul  2.   Ltprinttana  MHtfcimfinttt*  ami  >rm. 

.iiui  ;.   Ltftwtartj  mmltitarmitt*  and  two  of  it»  extreme  IbnM. 
6  and  7.  Lame  of  3  *\ 

.iul  to.   Ltprintarm  faimfimttt*  and  two  of  it«  modified 


I  \  I  I  K\  \\     l\l  I  i  i  \(  i 


Picw.  102  and  103. — Opposite  remalt  from  mibjrctinff  pUnU  to  ooal  KM 


r  «'X|M'nn. 

ioh«*— after  experintctit  for  ."»4  di> 


i*/f.-  In  both  o 
JKoA/       In  l...th 


in  open  iur 

in 


1  1  4  parts  of 


. 
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West  Riding  of  Yorkshire  and  Monmonth:  thus  the  hlaek  variety 
was  unknown  in  Hudderslield  till  het  \\een  1860-70,  but  now  has 
supplanted  the  light  form  entirely  (Walter  Bat- -s. 

;>erimeiit   upon  animals  shows  the  same.       Y  on ng  oysters  taken 

from  the  shores  of  1  .ngland  and  placed  in  the  Mediterranean  alter 

their  manner  of  growth,  and  form  prominent  diverging  rays  like 
those  <>n  the  shells  of  the  proper  Mediterranean  oyster.  The 
American  W.  L.  Tower  seeun-d  l»..th  dark  and  alluno  varieties  of 
the  Colorado  potato-I.eetle  by  altering  the  degree  of  moisture  m 
the  surrounding  atmosphere. 


/ifflniW  nrrtlirlot  nf  Pan*  (Thf  Hluttralfd  Tendon  New) 


Fio.  104.  —  Hastening  of  development  of  French  beans  following 
upon  electric  action. 

Forbes  observed  that  the  Quechua  Indians  of  the  high  plateaus 
of  the  Andes  show  a  striking  development  of  lungs  and  thorax 
as  a  result  of  living  constantly  at  high  altitudes.  Rheumatic 
disease  of  the  bones  is  very  common  in  Britain,  but  is  almost 
entirely  absent  from  those  of  the  ancient  Egyptians,  a  differ- 
ence probably  in  association  with  the  damper  climate  of  the 
north. 

Again,  the  Scotsman  who  emigrates  to  Alberta  is  a  Scotsman 
no  longer.  After  a  varying  acclimatisation  time  he  approximates 
to  the  West  Canadian  type  —  ruddy  yellow,  dry,  hard  -jawed,  keen- 
eyed,  and  usually  spare.  Change  of  climate  may  even  induce  a 
barren  woman  to  conceive,  a  change  perhaps  following  some  difference 
in  the  salts  of  the  drinking  waters,  old  and  new. 


I  VI  I  UN  \I     I\l  I.I  KM  I  H 

I     -     -hff.  i.  in-.-    ill    tissue*    from    diff-                     .    .  itMn.iniic nt  ran 

•  I    111    lifin.  s.      (••nil-list    tin     lintiNli  and 

tin-  Aniiiir.it  <  )t,«   hundred  itpcciim-iis  %%• 


t«  ii  Aiii'iiraii  and  thin    Hntish  l«»eaht H-S.  their  sin  ||>  iiieaMired. 
and  th<-  average  and  eoinj. 
ih.  xhrll  as  follows: — 


u,,rk,d   cm!  ;lllth  of 

length 


LooahtN 

\-..  ••.i.-. 

\,',V. 

i     Mbgr.Wal 
2.  KincartlineAhire,  S<..tian.i 
3.  H  umber  Diatn.  t 

8785 
9053 

238 

j  ::i 
2-90 

4.  St.  Ooix  River,  Maine    . 
5.  OMOO  Bay,  Main. 
6.  Beverly.  Maw. 

l«y». 
8.  Plymouth,  Ma 
9.  Seaconnet.  K.I                            . 
10.  Newport.  1:  1 

II.   HnM,.|.  K.I.  (Hhingle) 

U    i 
i:i     \Vnrn-n  H\\>  <  .  i:  1 

91  2fl 
92-53 
90^65 
92-19 
9009 
8972 
89  IT 
90TT 
91-07 
|M| 

•j  M 
267 
276 
:..; 
248 
Ml 

JT-. 
J  VI 

Ml 

Whatever  tin-  explanation,  greater  climatir  ••\tn-mrs  in  Amcricji 
some  other  reason,   tin-    Ann  rican  samples  show  a  wkler  range 

than   the   lintish.    j  7tl5  as  against  234.   18-2  p 
i:-  j .     Th«  Ann Tii-aii  s{>arn>w  In  also  said  to  be  more  variable  than 
the  British. 
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Now,  in  all   these  experiments  we  see,  (1)  an  external  change, 
m  internal  change,  tin    external  change  appearing  to  push,  pull, 

and   mould   the  plant   <>r  animal,  as  the    |H.tt«-r  moulds  his  clay,  or  as 

the  wind  drives  the  yacht    lx -!'..n-  it. 

The  Arab  is  the  child  of  th<    st-MivhiiiL:   wind  and  sand  ;    the  Swiss 
the    \Mvathed    peaks;     I  he    Kurdish    seaman    springs   from   the  salt 

spray  «»f  the  Channel. 

The  eyes  of  the   Knn.pean  darken  in   India,   hut    is  this  not  due  to 

the  sun  ? 

In   the   woi-.U  .>!    .lae.jues    I,<>el>.   it    is   nhviously  in    the   interest  of 


(After  Henry  Lamond,  "  The  Sea  Trout") 

Fio.  106.— Scale  of  sea  trout,  1$  Ib.  weight,  14$  inches  long,  and  3$  years  old,  caught  in 
Loch  Lomond  on  4th  September  1914. 

The  circular  lines  indicate  a  three  winters'  residence  in  fresh  water  prior  to  migration 
to  the  space,  salts,  rich  food,  and  different  temperature  of  the  sea,  where  the  fish 
spent  three  months  and  then  returned. 

further  scientific  progress  to  connect  cause  and  effect  directly  when- 
ever our  knowledge  allows  us  to  do  so. 


THE  TWIN  IDEAS,  MATTER  AND  FORCE. 

Now,  how  does  Western  man  arrange  all  these  changes  in  Nature 
in  his  mind's  eye  ?  Under  two  heads,  Matter  and  Force.  Consider 
each  of  these  ideas  of  his  for  a  little. 


MATTKK    AM)    KnKc  I 

AT*- 

.  IcmenU,    plants,    animal*,    and    man    are    all    forms    of 
matter,    built    up    <»i    tm\  tides.     A   speck    of  <lu«t 

M.-U     nit<>  ,   th.i.t-.i.    th.  n    an    separate  particles  of  duct 

•rou  in  I  us,  til-!-!"!'   tins  particle  ,,i  .lust  is  it  *  it fomposcd  of  many 
little   specks      Th.  s.     ar«     too   small  seen,    but   are   named 

"atoms."    "moleou  sad       efteetra 

l       i  philosopher*  Democritus  and  KpicnniH  are  said  to  have 

Instituted  this  K,  I, 

As  e\pressid    i.\    th.     II..MI.IH    p'"       I      t'tius,  "Matter  is  not 

indelinitrU        dlMsllile.       l.llt       Is      e-.M.p-.  IS       ulllcf 

tli«     last  Stage  of  <h\isi,,n  :     these  an    soh  >«  mal.    nnalti  rahl« 

:    indestnietihlr.    are    s.-parati-    from    each    «»tli«!  :•!.    ami    I»N 

tlu-ir  «-..iiilnnat  i  tti  r  all  around  us." 

.I..I.I.    Dalt'Hi   (1766-1 8 in.   the   Manrhi-strr  M-hiNiliiiastcT.  appli.d 

this  i.i.  a  t«.  tin  composition  of  such  gaae*  a*  <  ir.»«en, 

\  mi;  tin-  L':t^  partid.  s  as  little  at. .inn    halls  colliding  rapidls    uith 

eaeh  <»th«T.  rr.»\\«luiLr  to..r,-thrr  as  tin-  «:-'»s  is  cuiiiprcsM-d.  loosening 

..lit    as  tin-  yas  tApaiids  in   \..lu; 

In     ivjs     tin-     Knirlish     hotanist      K..h.-1-l      Hn.un     (177S-1858) 
puhlishrd   I  W      oscopical  Of-  n  on  th<    I'         leg  row- 

t.iu  h,     Pollm    of  Plant*,    and    on     th,     G  //    Kfittrttcr    of 

Active    Idolfcultf    in    Organic    ami    lm,r^,.  /i'ulirs.     The     pollm 

granule-  to   BJ00   of  an    inch    in    h  n^th   displa 

movements     in  '\<m«nts    u,r,     t..imd    even    in    luirnt 

and  ami   in  such  .>f  t  ils  as  he  managed 

to    reduce    to    a    fine    state    <>f    <ii\isi..i,       These   movements   are 

n.'U      railed      Hrouniali.         /si^inondy      ami      Sietlentopf     have     eV«l 

watehcd   the   in..\<m«nts  of   partiel.  s   too  tiny  to  be  seen  by  any 
mi.  -     th.  \     reflected    the    li^ht,    and    these    reflections 

«rei«     \isihle.       "At..nis"     ami     "  molecnlrs  "    are    the    counter^ 

in. .d.-ru  chemistry.     They  are  always  thought  of  as  discontinuous ; 
90  that,   as   a    i i- n,    I'l-n.-h    unt*       II   Mri    llergson,   advances, 

i     th.     diseontimioiis    alone    does     the    intellect     fori:  lear 

\\  ut  ease  only    in    the  di.seontimi.uis.    m   the   immobile, 

in  the  dead.      The  int.-lleet    is  ehai  I   !•>    a  natural  inahiht 

iipleheml     ll 

Ii-.-ii.  ur"ld.  copper,  an<l  the  other  elements.  the\   .ir.    dead,  and 

hmlt    of    deail    partiel.  s. 
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' 

1 1  >w  do  these  dead  elements  move?  Tins  l.rm^s  us  t<> 
the  second  belief  of  \Yrsii-rn  man.  that  i.f  force  or  "  energy."  Many 
forms  of  force  have  been  named  :  such  as  gravitational,  as  when 
an  apple  falls  t<>  nrthj  mechanical,  in  the  collision  of  one  truck 


(By  ptrmittion  of  Longman*,  Oreen  Jt  Co.) 
Fio.  107. — Michael  Faraday,  philosopher  and  experimenter. 

with  another;  thermal,  as  in  the  heatin.LT  of  water  in  a  boiler; 
visual,  as  when  the  sunlight  falls  on  a  cloud;  chemical,  as  when 
an  acid  burns  away  a  piece  of  cloth;  electric,  as  in  the  lightninj  . 
magnetic,  as  in  the  pointing  of  the  niarin.-r's  compass  :  and  so  on. 
We  recognise  these  different  changes  in  external  things  by  our  eyes, 
ears,  and  other  senses.  The  eyes  receive  light,  the  ears  hear  sound  ; 
each  sense  is  attuned  ;  we  do  not  feel  an  electric  shock  when  light 
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fall*  on   r!,.    eyes,  we  do  not  nee  flashes  when  we  hear  the  piano 

Til:  I  ! 

\\  ^t«  -rii  111.  111  I.  ill.  is  tli.  .  hanges  of  Nature  a*  distinct 
•nd  ueparat-  .  th«  •  m  .  -.HHII..II  between  them.     In  the 

M  1  "ho    mash-red    h>        ritfinal 

MM  nt   the  -  t  (hanges  in   matt,  r  Iwyond  any  other  of 

tils    tl! 


I    ti.i\.    i-.iij   h.-M  an  ..|.  mi.  .11.   alnKMit  amounting  * 

COIU  :-  •!!«!«.     Ill    r..  linn..  I.     I     !M||>\.      \\ltll    IllUliy    utlllT    loVCT»of 


FlO.  108. — Top. 

natural    knowledge,    that    the    \ari«»iis    |,.nns   IIII«|IT   which   the 

x  ,,r  inatti-r  an-  ina«lr  lnaiiit".-1  collUlKUi  origin  ; 

in    •itlu-r    words,    are   so  distinctly    related    and    niutiiall\ 

•  I.  |.< -n.1, nt.   that   th.v  are   oonTertible,  as  it    pent  "i>«-  mtu 

aiiot)  i. 

\\hat  di.es  he  incali  '  \\  <  II.  let  Us  jf|aill«C  at  IM1C  Of  two  of  the 
inaiix  relations  of  natural  acti-m. 

I/  itntinn.      An  apple  falls  to  earth — motion. 

;.|e  falls  (iff  d»\\n  and  u».t    U|  ;tatioll. 

Hut  these  tu..  an  r,-lated.  tor  a  rapid  I)  spuming  top  doc*  not 
fall  to  earth,  hut  stands  upright  motion  .  ui.teractin^  gravitation. 
And  N<>  \\  •  in!-  i  a  i-i-lat  ion  Ixrtwecn  these  two  actions. 


ss 
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Motion  and  Magnetic  Action. — During  the  war-inferno  a  cruiser. 
the  Lion,  sailed  safely  into  harl><>m.  t  lucid  ing  its  way  through  a 
perilous  mine-tidd.  after  .-ill  its  compasses  had  been  shot  away,  by 


C .\flrr  V.  E.  Johnjum.) 

I  I-      1 10. — Gyroscope  and  model  mono-rail. 


steering  with  a  gyroscope;  for  the  spinning  gyroscope  points  north 
and  south,  independent  of  the  ship. 

Motion  and  Heating. — The  hub  of  a  bicycle  is  hot  to  the  touch 
after  climbing  a  stiff  hill.  Conversely,  when  the  water  in  a  k< -t th- 
is boiled  it  bubbles — motion  related  to  heating. 


FIG.  111. — Mechanical  action  and  electric  action. 
A .  Struck  end.     B.  Resting  end.     C.  Clamp.     O.  Galvanometer. 

On  the  wire  being  struck  at  X,  the  galvanometer  records  a  passage  of  the  electric  strain, 

as  indicated  by  the  arrows. 

Motion  and  Electrising. — Strike  a  metal  wire  at  one  end,  and  an 
electric  chaiiL!<  passes  from  the  end  resting  to  the  end  struck. 

Conversely,  when  you  repeatedly  switch  an  electric  bulb  off 
and  on,  the  bulb  may  suddenly  change  into  urgent  motion  and  burst 
into  fragments. 

Tn   modern   hydro-electric  establishments  the  impact  of  falling 
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:   t  o  .  1 1 1  \ ,    ,  i  \  i  iamotf,  and  to  provide  electric  light  and 
secur  i  itirnaees. 

Motion  and    I  Half-strike  a  damp  match   m   th.    dark, 

or   dip    th.     Q  ;l    still    sea    on    a    MIMIIIH  r's    IN.,    and    th.     water 

breaks     int..      .p.nUi-  _•     r»ils     and     languid 
tlan  hosphor. 

ran     pr«.N..k.      / 
Tiiall    \\heil    III.M|.  |  driven    1 


h\    means  of  sunh-jl  • 


M  •         nd  hirlit  . 

H,  nting    and    I  -          <-k    in 

1821    t  ts    l.isimitli     l!' 

.  I. ..it. .Ml  n<    junction            muny  ring. 

lint     k«  ;»t     t  h<     "'                  -I.  an. I                      f  rn- 

clian-j'    staid.!    t..  .  n.Milat.  mumi   tin-  IMIL'.  as  (inured. 

\\  hat     N\.  pe    nan,,                  Tn-il>   "   arr 

//  .//i//j  //////  /.  In   simliL'lit.  heat  action  ami   light  acti«m 


1 3.— ReveraU  of  action  in  a  thenno~«l<«  ut  of  two  meUb.  on»  i  miUna 

being  hnit.-.i.  th,  other  kept  in  ice.      \  „  u  heated  the  action  DMM 

in  one  direction,  but  .>n  furth.-r  h.  k«e«  the  other  way. 


'In-  earth   t-  Tin-   |)«.k«r    I,  It    in    tin-    In 

hut  n  ten,  glows  a  burning  whit..     Tin-  diffcrrncr  in  heating 

ited  a  difference  in  r..|..nr. 

Th.  r.    is  a   .-loser  relati..n.   t...,.    between   hratmi;  ami   rr<!   light 

•fm-  an.i  him-  li-jlit  ;    tor  in  18OO  \Vilham   Ilrrschcl 

1  a  th. -nn.  .m.  t.-r  in  the  sncr»-ssi\ «    culours  «>f  light  (the  colour* 

of  the   rainh-.u,.    an. I    found    the   th«  rni..m.  ter   n-ad    highrst 

th.      |r.|    r||,l. 

\N       it    ur  rail   M  In  at   "   an. I    NN  hat    PTC  rail   M  light   "  lire 

Lighting  and  Chctnicnl     Id  ion.  —When   light   action   fnlU  «»n   tht- 

s||\.  r  salts  .,11  a  photographic  plate  then    e.  rtlirr  1 11  \llvCT. 

There   is  a  closer   relation,    too.    !><t \\ren    hlue-violrt    light    and 
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chemical  change  than  between  red  light  and  chemical  change  : 

window  in  our  dark  rooms  is  red.  not  blue. 

II   ra  light  action  and  chemical  action  arc  associated. 


the 


I'm.   114. — A  piece  of  an  ordinary  incandescent  gas-mantl.    lai>l  <>M  D 
photographic  plate  in  the  dark  and  photographing  itself. 


CMEMICAU 


ELECTRIC 
Fio.  115. — Chemical  action  and^electric  action.     The  Daniell  cell. 

Chemical  Action  and  Radium  Action.  —  Take  an  ordinary  in- 
candescent gas-mantle,  which  contains  the  radio-active  element 
thorium  ;  place  it  on  a  photographic  plate  in  the  dark  and  press 
it  down  with  a  plate  of  glass.  The  mantle  then  photographs  it  sell1 
in  the  dark  upon  the  photo  plate. 

Radium  action  is  related  to  chemical  action. 


n  n  -.1 

-«/  .4rtiofi    am/  Elfctrising.     In    the   Darnell   dcrtr 


.uwtrato  Oer«ed'«  experiment, 
M 


eifying  •  draui 


a  hoUow  coil  of  wire  be  i 

.Mi  belMid  a*m  it      n 

indicated  in  the  MOO 

M.^ll-  i.  ,1,  l!,,  t,,|  M  I- 
moving,  the  needle  reooi 
the  needle  iwings  in  an 


m  mi.     Hut  thrtMt  the  mafnet  ial 

.    ••      •..•••.•      ... 

.      ;  '.      •  «'.".. 


nd 


IM  n    /me  acts  on  copper  Milphatt   t-«  form  £inc  sulphate,  an  ctoetric 
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action  begins  when  the  zinc  and  copper  terminals  are  connected  up. 

\     I 'araday  remarks.   ••  'rh<-  forces  chemical  affinity  and  electricity 
are  «»ne  and  the  same." 

Electrising  and  Magnetising. — The  Dane  II.  (  .  Oersted  found  in 


(Affr.l    .1.  Fl.-ming.) 

FIG.  118. — Electro-magnetic  connection. 

Steel  filings  arranged  in  circular  magnetic  fields  around 
No.  12  wire  electrically  excited. 


IK.  119. — Electric  circulation  from  lit 
metal  plate  to  dark  metal  plate. 

1819  that  if  the  copper  wire  of  his  electric  battery  were  placed  parallel 
to  a  magnetic  needle  the  needle  turned  at  right  angles  to  the  wire. 

What  we  term  "electricity"  and  what  we  term  "magnetism 
are  united  twins. 

Conversely,  Michael  Faraday  took  a  coil  of  wire  and  thrust  into 
it  a  permanent  steel  magnet.  An  electrical  rush  through  the  em'1 
accompanied  the  insertion  of  the  magnet,  another  rush  in  the 
opposite  direction  accompanied  its  withdrawal. 


I  <>KI  I 


I 


/  /  low  and  Lighting.  -\  beam    of 

£.  the  light  obtained  b]  •  *onie§o<iu  \\\  the  flame  of  a  Bunseo 


(Bf  ftrmiuifm  of  ikr  prvpnrtori  9/U*"  Km 


120.— OneMpeotof  th.    -  •  ttf  aurorm 

MOTION 

—•^ 

OAAVfTATlOfl 


SOUND 


RADIUM- ACTIOM 


ACNCTiSM 


SINNING 


MCATINC 


CHCMICAL  ACTION 


LIGHTING 

LSI   -Thectuunof 


l»unn-r.  ran  be  brightnuil  and  split   up  \\lun  iiilhicnced  by  a 

!-.»-inaL" 
Convrrsrly.    it    thr    riul    plates    of   an    tltrtru-    rin-uit    be   let,   OOC 
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in  the  dark  the  other  in  the  li^lit.  then  occurs  :in  electric  circulat  i«m 
the  lit  to  tin-  dark  end.  And  s.une  li;i\  e  even  Li"Me  so  I'ar  ;is  to 
that  tin-  hijit  of  the  sun  is  hut  the  magnetic  waves  o!' 
that  body. 

Lighting,  Magnetising,  and  Sound. — The  Polar  <T  Northern  li^ht. 
the  aurora  boreal  is.  is  associated  with  deileetions  of  the  magnetic 
needle  and  with  crackling  and  hissing  sounds,  facts  ohservcd  by 
Arctic  explorers  and  whalers. 

Li<:htin<r.  magnetising.  and  sound   related. 

Sound  and  Motion. — A  peal  of  thunder  shakes  the  house. 

Sound  and  motion  related. 

Electrising  Motion  and  Gravity. — A  powerful  electro-magnet 
induces  heavy  halls  of  iron  t<>  roll  towards  it.  Conversely,  as  we 
noticed  already,  when  a  disc  of  aluminium  is  placed  over  and  acted 
on  by  an  electro-magnet  it  rises  up  into  the  air  auv///  from  the  electro- 
magnet like  a  ball  on  a  fountain.  It  loses  weight. 

Klect  rising,  motion,  and  gravity  all  related. 

The  Chain  of  Forces. — We  thus  have  a  linked  chain  of  what  are 
called  "  forces."  This  chain  is  inadequate  and  incomplete,  yet  it 
sufficiently  indicates  how  the  changes  of  Nature  have  something  in 
common. 

THE  NATURE  OF  FORCE. 

That  something  is  at  present  unknown.     But  it  is  usually  dcscrihed 
in    the   general   word    Force    or   Energy.     Every   piece  of   matter 
contains  two  things  :  firstly,  so  much  dead  material ;  secondly 
much  pent-up  force. 

When  outside  force  acts  on  matter  the  matter  may  change,  hut 
it  cannot  change  of  itself;  or,  as  stated  in  the  first  law  of  Isaac 
Newton  :  "  Every  body  perseveres  in  its  state  of  rest  or  ol  uniform 
motion  in  a  right  line  unless  it  is  compelled  to  change  that  state 
by  forces  impressed  thereon." 

The  outside  force  is  called  the  cause,  the  ensuing  change  in  the 
matter  is  called  the  effect.  If  the  outside  force  acts  by  exploding 
the  internal  pent-up  force  to  work,  then  one  speaks  of  a  first  cause 
and  a  second  cause  and  an  effect.  But  the  internal  force  or  second 
cause  is  held  to  be  in  essence  distinct  from  the  matter  with  which 
it  cohabits. 

Instance  that  far-reaching  discovery  of  modern  science,  the 
propulsion  of  a  bullet  from  a  rifle.  The  hammer  falls  on  the 
cartridge,  a  chemical  change  occurs  in  the  powder,  and  the  bullet 
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issues    on  Tli.-    leaders    ..i    \\.-Ht«-ni    knowledge   trli 

tin     amount 

in      tin       hainim  r      '  cartridge,      exploding    AAClt 

<l     an- 1     d.  hmti      amount  |\  ing     fallow 

m    ti,.    powdei      Th    buDd    thai      »tain*  tic  of  mo\ 

i    expends   this    \\li.-n    it     sink.-*    tin     IH.IH-    ami    lirain    of    tin     rtian 
it     is    intended    I-,    stril 

II  I      .  •    •  .  isolated  and  *•«     !     \      it  lias 

•uall\     teen,    but     it    \\as    imagined    after    tins    : 

\Vhile     tin      American     Itumford     \\as     en^a^'ed      sup«  nntendillg     tin 
•i-    ••!     ,-annon    .,t     Mum, -I,     t   .u.n-K    tin     .ml    ,-:     the    eighteenth 
uas    struck    h)     th-  |C   ariMi  tin-   boring 

of   tin     brans  castings.      II-     imm,  r>«.l   tin-   In.nr  ami   th<    castings  to 
iotat.il    in    vs  77    |l,  :t     a    t  •  in|  ••  rat  lin*  C<|Ual  to  60P   I 

•..HP  -I  111  .in  oa]  .1  loiiml  that  after  t  \\ . .  I.-TM-S  had  turned 

th.      castings     !o|      l'».      hours     thr     \\ati-r     l...il«  <1.       Humlonl     <ici     not 

coinimt   IHIIIM  It  t..  an\    tin---  II-    simply  concluded 

that     "  all)  tlmii;    \\lnrh  ted    IM"!)     «»r    systfin    «.f    Ixxiies    CSJ1 

>  iiinii.li  \\ithout   limitation  caiin,.t  j x.xsi  1  »|y  Ijc  a  material 
MI!. stanc,   '       It  wasaspmt   uit hin  things. 

Th«    taiiion  IP  nt    ot    llumphrx    I'  >    1829)  followed 

m    17'.».s.       H.     i  tu,.   pieoei  a   ti-iii|MTatiin-  of  f9°9 

M\    uu-hi-s    lo[iu-.    t\\o    \M«|C.    and    t\v«i-t  hinls  of  an   inch   thick:     ti 
were  fastened  by  \vm  s  to  t\\o  l>ars  of  in  Tln-ir  surfaces  were 

|>lac<  (I   in  c.intart.   ami    l»\    im-alis  of  c|i»ck\\  t  »rk  kept  in  a  con- 

tinned  and  violent  friction  l<>r  S,.IM<    minutes  "  :    the  nil. I. ing  was  done 

l>\    .I-.,  kuork  so  as  to  preclude  the  possibility  of  any  hcnt  passing 

rom  the  hands.      The  two  op|H»scd  surfaces  almost 

entiiclN  <trd    int-  .    \\hich    \\ater    \\as    collected,    ami    its 

ti-mp.-ratiire  as,  i    to  be  85'  maimnu'  in   an  atmospherr 

t    lower  IIH     mmtiti  I          fusion    took   place 

"Ml\   at  the  places  of  contact  of  th-  .  and  no  bodies 

were   m   friction   but    i-  h..\\    thu  d»-«l   m  con\,-rtmi: 

into   \\.it,  i.    tln.UL.di    itself  at    a   temperature    bejou    the  freezing  point. 

This  ,  \|,,  nniciit  was  a  fundamental  one.  for  nothing  material  had 

added  or  taken  awa\    from  th< 

I         conclusion    drawn    from    the    experiments   of    Humford   and 
l>a\\     \\as    thus:      If   heat    be    m.t    a    sul^  it    must    siirrly   lie 

1  \t  st<  p  m  this  inquiry  was  made  on  the  Continent,  especially 

by  the  Frenchman    Sadi   N     I      t    mot  ( 1790-1882)  and   the  Ccrtimn 
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l-'n..   \'2'2.      Humphry  Davy,  English  chemist. 

Discoverer  of  the  elements  sodium,  pot..  -I. -111111,  Imrium.  MH<|  -t  nmt  ium  ;  the 

recommender  of  chemicals  for  pain  ;  the  inventor  of  tin-  mim-i-'*  ^af.  t  \  l 


Fio.  123. — Humphry  Davy's  experiment  of  rubbing  ice  upon  ice  at  a  temp«-i  it  un 

below  freezing  point. 


nil     \\iii;i     01     i 

iMml,,,|t/  (1821-1894).*     They  made  this 

Korce  (Energy)  i*  a  thing  d<  timt<  K  limit,  .i  m  amount      In  th< 

bqdodon  of  a  ga*-t  ,  a  certain  amount  ..f  Heat 

.u" I  ;itf« -N  into  an  equal   aiiumtit    of  mechanical 

\\hu  -h  th.  n  does  a  certain  amount  • -i  \\..rk  m  «ln\  my  the  put  on. 

Ami    th.    m.'ti.'ii  .m. I    ship   is   the-  <-v  ml  in 

quant  i'  up  m   th.    hiirninu'  r«.al.     Th.    Niagara 

I         .ml  tin-  \  I  alK  of  the  Zamtx  i<i\M\  x^  »t  t»i«- 


-Heniy  Bell,  Scottuh  engineer  end  *hi|.  I  milder. 

fo,,i   than  at    th<    t-.p     a  (piatitity  ..f  tin    m. ,t i. >n  force  has  changed 
int.-               i-ee. 

Joule.— To  measin      i             J  i          >tt    J<»nl<    (1818-1889), 

A  brt  v             -              by  Man  1  out  a  scries  i»f  I-\JHTI- 

*    H««nry  Bell,  (he  ttulor  of  the  fint  ttean  George   8lepb«aeoa.  tl»p 

I  engineer;  Michael  Faraday.  \Mtl,  tin-  M..I... H..M  .  ...1 .  Hemuuin  von  llrlm 

who  firat  saw  the  back  of  the  living  human  eye  with  hi*  "  ophihalmo- 

'  ;    Morton  of  Bonton  un.l  .I.IMM«  Young  Simpeon.  of  chloroform  fame  ; 

who  uolaUHl  Uie  minute  bacUvui ;    Joaeph  Uatrr.  thr  apfilirr  of 


acid  aa  an  antiw-j  "     «••  infected  woun-l 
oabl. .;    iui.  ..f  tin*  telephone;  Thomaa  Kdinoi,  -h* 

Henry  George,  the  reaiiaer  of  the  value 

•biel  originatore  of  t  h.  nin.-t^-nth  .  • 
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(After  afauimilf  of  thf  original  draft  by  John  Wood. 

Fio.  125. — The  Comet,  built  at  Port-Glasgow  in  1811. 


(Photo  fry  John  Uoffat,  Edinburgh.) 
Fio.  126. — James  Young  Simpson,  discoverer  of  the  use  of  chloroform. 
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Flo.  127.— Loub  Parteur  in  his  lub 
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incuts  and  calculations  extending  over  twenty-five  years.  He 
churned  up  water  with  brass  paddles  \\<»rked  by  means  of  weights. 
and  when  the  \\atn-  uai-mcd  ID  elmi-nuiL:  In-  measured  the  resulting 
rise  in  the  temperature  of  the  water;  he  thus  obtained  two  facts: 

(1)  the  amount  <>!'  \\nrk  performed  in  fuot-lhs.  :  and  ('J)  the  rise  in 
the  temperature  «>f  the  churned  water.  And  after  years  of  experi- 
ments he  calculated  it  took  772  fo<.t-ll>s.  «»f  \\.-ik  t<>  raise  1  II).  «»!' 


(Froma  photo  lent  t»,  i>:r  fanadian  Pacific  Railway.) 
IK;.  129. — The  Canadian  or  Horseshoe  Fall  at  Niagara. 

water  through  1  degree  Fahrenheit.  A  measuring  unit  of  heat  was 
then  taken  for  convenience,  the  "Calory,"  and  in  the  words  <>!  the 
German  chemist  Wilhelm  Ostwald  :  "  If  the  amount  <>l  heat  required 
to  melt  1  gramme  of  ice  be  measure*  1.  it  is  I'mmd  to  be  MO  calories.'- 
Both  in  popular  and  expert  works  on  science  one  can  read 
frequently  of  quantities  of  heat."  Thus  the  latest  edition  of 
the  Encyclopedia  Britannica  runs  as  follows  :— 


"The  quantity  of  heat  contained  in  a  body  obviously 
pends  on  the  si/<-  of  the  body  considered.     Thus  a  larin-  k<-f 
full  of  boiling  water  will  evidently  contain  more  heat  than 
teacupful,  though  both  may  be  at  the  same  temperature. 




;:•;; 
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In    this   fashion    doc*    the    scientist    of   the    West    weigh    out 

Ins  just   as   the   git*c«r    u«i;.'hs   ..ut    his 

i, nit.  i    in    ;...•!.!    .i\..ii.i.ij.  \\      !i   the  radio-active  sul 

radium,    II..I..MHUII.    thorium,    ("mum    \\.  i.      liscovcrcd,  they 
at     in-lit    esteem*  h..n>  to   such   an  exactitude.     They  were 


(From  «  pfeto  Ir^f  *  tte  Sritf*  -W^A  4/H«  Cfcj 

tuunod  tb«  Victoria  F Alb  by 
l»a\  1. 1  l.ivingvtooo. 

[regarded  as  \vi<i<>u's  cruses  ..i   Ixmndleas  en<  IL'\  .     Hut   tlnirrncrgy 

Is      II- »\\       Mvk «1       HI      «l«   Illllt.         •'    |i.    I  the      JHTI" 

railiuin    IH-IIIL:    \i\\<\\    !•>     I'.nu-st    Hut lu-ri'. T.|    ..!"    Montreal    as    173O 

I         SIMM    this     up     l.n.llx.  IN   an    IllVlsihlr 

spirit  \vhicli  can  he  incasiinJ  in  amount  ami  takes  on  many  forms— 
imcal.  heat  mi,',  ch.  mie.  il.  .  hut   c\tr   one    ill    <|imittit\. 

1          as   \\hen   a   hanker  can  u    t.'»     in   notes,  gold.   ?. 

copp,T.     Tins  \  iew  is  what  is  called  tl  tioii  of  For. 

I 
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In  the  more  precise  language  of  James  Clerk  Maxwell  (1881- 
1879)  :- 

M  The  total  energy  of  any  body  or  system  of  bodies  is  a 
quantity  which  can  neither  he  increased  nor  diminished  by 
any  mutual  action  of  these  hodies.  though  it  may  be  trans- 
formed into  any  one  of  the  forms  <,f  which  energy  is  sus- 
ceptible." 


(Photo  fry  T.  A  R.  Annan,  Glasgow.) 
I  -H-.  131.— Kelvin. 

The  C'onservation  of  Force  or  Energy  leads  on  to  another  Western 
belief,  the  Dissipation  of  Force  or  Energy.  Sadi  Carnot  remark-  < I 
you  cannot  get  work  out  of  water  unless  it  be  falling  from  a  higher 
level  to  a  lower.  The  Scotsman  William  Thomson  (Lord  Kelvin) 
(1824-1907),  the  electrical  engineer,  also  realised  that  while  it  was 
easy  to  convert  the  work,  say,  of  a  locomotive  into  heat,  it  was  not 
possible  by  any  known  method  to  convert  all  the  heat  back  again 
into  work.  So  he  drew  a  distinction  between  "  available  energy  " 
and  "  diffuse  energy,"  and  held  the  available  energy  of  the  Univ< 


I  I  IK  NATURE  OF  FOK  m; 

was  steadiK  the*  useless  form  of  diffuse  heat. 

Thus  the  Conservation  of  Energy  ended  logically  m  the  Dissipation 

1  r>ergy,  an  idea  dear  t<«  >ik*oph<  i  Moth  Matter  and 

Energy  are  alwa\     unchanged  in  aiiH.mii.     Hut.  according  to  the 

Law  of  Dissipation  of  Kner^x  ,  tin    tune  is  appn.u.  hm-  n,  vU  h  fch  H 
"ill  I"    »  r  transformation  of  energy  out  of  which  work  may 

be  obtained"  (Arthur  Halt  The  sun  give*  heat  to  the  earth. 

the  grass  grows,  the  man  cats  the  ox.  the  man  die*  and  gives  back 

And.  in  the  words  of  llerlnrt  Spencer  (1890-1008)  :— 

I     th.    solar  system  is  slowly  dissipating  its  forces  —  if 

th.    sun  is  losing  his  h<at  at  a  rate  winch  uill  till  m  millions 
\ears  —  if  \\ith  dimmuti.  idiations  there  must 

gO  on  a  .hmmutn.n  m  th.    aetixitx    of  geologic  ill  H  I  mctcoroiOflC 

processes  as  well  as  in  tin   (|uaiitit\   of  vegetable  anil  an 

stence  —  if  man  and  society  an  smulailx  i<  pendent  on 
thissuppls  offon-.-that  is  jrraclually  coming  toan  end  ;  are  we 
not  manitVstly  progressing  toward  ommpn  s«  nt  death?  The 
proximate  end  of  at  at  ions  is  a  state  of  quiescence." 

The  iMvnchinan  Janet  says  as  follows  : 

Ihr  world  xv  «•  lixc  m   is.   m   reality,  a  douhle  world;    Of 

rat  In  r.  i!    M  composed  of  t  \\  ,  .  distinct   x\,.rlds;  one  the  world 

tin-   oth.-r   the    x\orld    Q|  n,.  :_  .        i  iron,  and 

coal  arc  tomis  of  matt,  i       M        lineal  labour  and  heat  are 

forms  of  energy." 

I  '  \\  '  I  «»ree  has  also  been  adopted  and  applied  by 

the  press,  xxith  its  mllu<  ncc  and  responsil>iht  \  \Ia\  Harden,  one  of 
the  leading  continmtal  journalists,  is  able  to  state:  "One  principle. 
and  one  principle  .  .nl\  .  counts.  It  sums  up  and  contains  all  others  — 
force  "  (The  I  «»ber  1914). 

The  Outcome  of  Western  Belief.—  To  sum  up  these  two  Western 


Matter  is  a  dead  tiling.  |)Uilt  of  little  deail  piet-es  or  atoms. 
1     NM  "i    Kneru'x    is  another  tiling,  all  l>\   itself. 
Both  Matter  and    1  are  limited  in  itinoiint. 

But  Force  Hits,  a  ghostly  !MM|X.  from  one  piece  of  dead  matter 
Hg  them   in  turn,  as  a  bee  flits  from  flower  to 
:*rtihsing  them  as  it  goes. 
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Pieces  of  matter  do  not  change  of  themselves,  but  only 
without. 

Hence  the  decisive  factor  in  every  change  is  the  previous  con- 
ditinn  of  the  thing  changing :  "That  which  hath  been  is  now  :  and 
that  which  is  to  be  hath  already  been  " ;  or,  in  the  modern  words, 
"  What  was  found  in  th<  effect  was  already  in  the  cause." 

This  view  is  acceptable  to  many.  Thus  the  German  Oscar 
II«  rtwig  divides  the  causes  leading  up  to  any  change  in  any  material 


A,  developed  at  10°  C. 

B,  developed  at  15°  C. 

C,  developed  at  20°  C. 

D,  developed  at  24°  C. 


(After  Otcar  Hertuiy.) 

FIG.  132.— Four  frog  eggs  three  days  after  fertilisation. 

system  into  two  groups,  external  and  internal.  The  external  causes 
are  the  environmental  ones  of  light  and  warmth,  the  various 
mechanical  forces,  the  chemical  influences  of  air,  water,  and  earth. 
The  internal  causes  are  those  embedded  by  birth,  by  heredity,  in 
the  tissues  of  plants  and  animals.  He  illustrates  this  distinction 
between  causes  external  and  internal  as  follows  :— 

(1)  "Take  four  fertilised  eggs  of  the  frog  (Rana  fusca), 
and  let  them  develop  at  four  different  temperature -s :  UK 
first  at  -1°  C.,  the  second  at  +5°  C.,  the  third  at  +15°  C., 
and  the  fourth  at  -f-25°  C.  On  comparing  the  four  eggs  »n 
the  third  day  of  incubation  we  find  that  while  the  develop- 
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"""'    "'    '•  has  scarcely  started.   the  development  of 

tin-    l..iii-tl,    I.  a-,    pi..e.-,  d.-d  that    tli  .ni«l    fail   are 

listinct." 


II     '    itf   calls    the    unequal    •  xt.-ri.al    temp.  lattirc   the   cfRcicfit 
cause  of  tin-  diff.  -i-iiitf  results. 

(2)  "Take  tu..  t.rt.l.s.  .1  frogs'  egg*  and  two  fn-shly  laid 

hens'  eggs  pOM    ••>»«     ,,f  ,  ad,    km.  I    t..    I.  IHJH  raturrs  of 

15°  C.  and  88    (       <>.,  ,  \a!..in.i,-  ti,,m  ait.r  ti.  ^  we 

!ii..l  that  at   r,    i  .  tl,,-  in.g>§  egg  is  developing  w.-ll.  hiit  the 

bea'l    «  -u'    I'M.aiiis    niiriiaiiged;     at  88      (.    u.-    tm<l    that    tlir 

ii'  n\  <  ii^r<i  into  a  littlr  ciiil»r\M  \\ith  pulsating 

•t.  l>nt  tin   lion's  egg  is  dead." 


-Toothache  to  mliva. 

I  .  \|.lam    tin-    .hffcn-nt    l.rliax  i«  .m-    Q|    frog   ami    fowl,    Hrrtwig 
int.  is   S..IIM-   int.  rual   cause  at  work. 

And  each  internal  cnus«  is  the  result  of  a  definite  number  of 
causes,  A+At4-At+A9+A4+ete.+Af  definitely  inherited  f.-rees, 
some  internal,  son  nal,  which  have  been  gradually  piled  up 

m   the  frogs  and    h<  MS   iv, ,m  'ion   to  generation.     Each   egg 

reacts  in  exact  obedience  to  its  own  or  kt  specific  "  struct  un 

A-f  AI+At'r-At-hA4-fetc.-»-A. 

II  itwi^r  admits  then-  often  a ppears  a  wide  disproportion  between 
the  Cause  and   the   Kff«t.  as   when   in  tontharhr  a  slight  irritation 

a  inmut.   i  asions  a  great  out |M>urin^  of  saliva.     lint  this 

import  i.«n  is.  to  his  mind,  only  apparent,  depending  upon  a  com- 
plicated chain  «i  causes  m  the  tissues  of  the  brain  and  salivary 
glands.  The  saliva  pouring  out  is  just  the  last  link  of  the  chain  ; 
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the  other  links  are  then  m  l.ram  and  salivary  gland,  though  we  do 
not  see  tin-in:  th<  stimulus  «>f  the  tooth  to  the  nerve  lets  these 
und< T!\ -in«r  causes  act,  just  as  Ulysses  caused  a  certain  storm  when 
he  slipped  the  four  Winds  from  their  sacks.  The  effect  must  l<>ll«>\v. 
or,  as  he  quotes  the  philosopher  Arthur  Schopenhauer  (1788-1860)  :— 

"  Just  as  the  rolling  ball  must  set  the  resting  one  in  motion, 
so  the  Leyden  jar  must  discharge  itself  \vln-n  touched; 
arsenic  must  kill  everything  living;  the  corn  seed  \\hieh  has 
been  kept  dry  and  preserved  for  thousands  of  years  must 
germinate,  grow  and  become  a  plant  as  soon  as  it  is  placed 
in  suitable  soil,  and  exposed  to  air,  light,  warmth  and  moisture. 
The  cause  is  somewhat  complicated,  the  effect  heterogeneous, 
but  the  necessity  is  not  a  whit  less  on  that  account." 

On  the  strength  of  such  reasoning  Hertwig  feels  able  to  support 
the  Law  of  Causation  or  Necessity  as  advanced  by  the  botanist 
Nageli :  *  The  qualities  of  organisms  are  the  necessary  consequence 
of  definite  causes." 

This  sequence  of  argument  carries  still  further.  For  as  tin -re 
exists  a  closed  chain  or  routine  of  causes  and  effects  in  every  change, 
so  the  causes  themselves  can  be  shown  to  be  as  much  routine  and 
mechanical  as  are  the  effects.  In  the  words  of  Karl  Pearson,  "all 
cause  is  routine."  Trace  back  cause  upon  cause,  and  no  First  Cause 
will  be  found  to  appear.  And  the  world  and  all  upon  it  becomes 
a  mechanism,  with  rhyme  but  without  reason,  a  "  how  "  without 
a  "  why,"  a  passive  thing,  a  dead  spinning  ball. 

THE  EXPERT  INFORMS  THE  MAN. 

But,  may  exclaim  the  average  man  or  woman,  surely  man  is 
different.  The  sense  of  integrity  and  sin  and  unity  and  freedom,  the 
high  mathematics  of  the  builder  of  ships,  the  colours  of  the  Sistine 
Madonna,  the  majesty  and  music  of  Shakespeare,  the  trust  of 
Columbus  and  Nansen  and  Scott,  the  distant  aspirations  of  Buddha, 
Christ,  Mahomet,  the  thrill  of  a  man  against  cruelty  and  fear, 
the  tenderness  of  a  mother  for  her  child :  is  the  faith  in  all 
these  false  ?  Am  I  not  free  to  will  evil  or  good  ?  To  which 
•  •Mines  prompt  the  answer  of  the  Western  expert,  in  the  usage  of  the 
Scottish  Law  Courts  :  Not  proven  ! 

Animals  display  freewill  just  as  you  do.  The  crow  discriminates 
between  the  man  and  the  man  with  a  gun  ;  the  white  rat  learns 
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srapr  from   its  ratfr   l,\    putting  its  J.au    iin.i.  i    tl..    d      |     :    ..       j   :t 

ards,  bending  iU  head  m.«l«  r  it,  and  so  emerging  ;    ^"  <at  h«rci. 
a  !>•  leaps  fn.m   tin-    InM.kras.-  shoul'i 

famous  hones  of  Kli..  .1. 1.1  ..(1  l>eing  asked  to  calculate 


tfavr    twnity-.  i^'ht     taps     with     its    |,.M,f;      ((,<•     Am«i.il«      t-ri:-:     Hi! 


Pio.  134.—  The  Sktlne  Madonna  of  Biphad, 

of  Mnnnln mi  «  \«  n  assists  tin   rhiMirii  at  tln-ir  1«  ss,,ns.  ami  on  l>rinjj 
asked  by  a  visitor  to  cah-ulati-  >/2809,  gave  fifty-three  by  tapping 

\\lth    its    j,a\s. 

Sceptical  of  lliis.  \,,n  max  writ  I'  - ••!  II  I  /iegler  «»f  Stutt- 
gart and  Dr  Snra-ni  I  .  who  an  ronrtnms  in  n  ply  to  questions. 
Th.  v  say  that  this  dog  has  been  visited  by  scientist*  from  msjay 
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parts  of  Europe  and  America:    how  its  mistress   inst    noticed   its 
ability  when  rallying  IMT  little  child  mi  its  stupidity:  "Two  and  two 


1 35. — The  dog  Rolf  of  Mannheim. 


Fio.  136. — Scots  terrier,  smiling. 

make-    -?    Why,  even  Rolf  knows  that,"  and  Rolf  paw<d  her  drew 
four  times ;  and  how  she  trained  it  then.    Two  days  after  an  inspection 
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isitor  tin-  dog  was  tested,  and  it  tapped  out  a  n-pK  m  these 
><iw  mans  pictures  with  him  ami  told,  \\hat  is  .    it  >  <  nough, 
d'-n't  wish  to  sa\  mon-.  \\hat  i>  ;   stupid  ;  everybody'*  bothering  n 

I        digest  ecsses  of  man  and  animals  arc  not  dissimilar. 

We  all  kn..u   how  a  dog  \  .it   tin    m.. nth  on  seeing  his  food. 

I  Russian    l\an     I'.  ti->\ic    l'a\lo\    was    int.  r»  slid    in    this    to   prove 

the  reason.     II-    ti  op,  i..,i  mt,,  the  stomach  of  a  dog,  drew 

..nt  a  sac  of  it  to  the  front,  and  witched  th  low  of  it*  stomach  juieea. 
i          ig  beeame  used  to  thk  condition.     Ami  wln-n  it  wa*  presented 

\Mth   ti  1     it    sl.i\.red   also  at  the  stomach   with 

expectatkxt     'l'ln-n   l'a\l«.\    <-nt   tin    two  long  nerve*  whu-h  connect 
the     I. rain    \\ith    the   stoma<  I      aii<l    n«»    nion-    jinrc   flowed    from    the- 
h  <>!i  ili.     .I.-./  pulse  from  brain 

to  stomach  wmi  la.-kmu'.  l'a\l"\  « .tll«  «l  this  in<mth  and  fftomach 
ll..\'  tin-  (log  yea rni  <1  t<»  «  at  its  suiil-srrn  Ami  facts 

go  t«>  s|,,,\\   the  possession  -I  similar  digestive  sccn-tions  in  man. 

I;  H  ask  t!      \\  how  can  the  Memory  nn«l  Will 

iinnials    an. I    man   l»<     «  \plaiin  «i?      See,  I  rise   from    this    talil*    :      I 

ij)  and  in..\r  ahoiit.       Is  this  n..'  Ml  accord  ?  "      To 

which  cMim  s  tin-  n-pl\   :    \  »\i  an-  m»t  the  mils  animal  that   remember*. 

Dojrs    have   hccn    kn«»wn    t«>   rctnrn    h'Mnc  alter   IM-III^    nmOftad    BHUl] 

miles  h\    train,     i  •    outsnir  it>  loft, 

rcmcliilM-rs   it     <  \<  ii    tr..in    a    u-rcat    «hsta!ie.  .   alul    hack    it    <-«.incs   safe— 

tnxn   thnt\    miles  ami   IIOK    :     it    has  a  SCDSC  of  menu  >i 

that    ol  n.an.     The  ,-l. -phant    has   i,, .  n   kn«.\Mi   to  avenge  an  injury 

\\aitnii.'.        I  I    intelh:. 

in  the  ant.  t"i  s|,..nl.l  it  find  something  t<M.  h«a\\  it-self  to  mrr\ 
home,  it  leave!  the  tm.l.  goei  t-  the  nest  I'or  assistance,  an« I  returns 
\\  it  h  loroe  "1  its  companions. 

. \n.l    the    animals    exhibit    n    niorahts     akin    to    man.      The   v 
al..nc  m  a  field  \\ill  start  in  pursuit  of  game,  but  if  he  sees  his  master. 
the  m<  is   pain   from   his  last   thrashing  pivvcnts  him  ; 

the  moti\e  is  then-,  though  v-Mi  may  fail  to  recognise  it. 

I:  is  \\  ill  ' 

Ah    !      replies      the     e\|»ert.     W|||      JS     CaSV    tO     CXplalll.          K«  T      the     )>nUn 

messages    l»\    the    s«ns,.r\    in-r\es    fn»m    the    skin,    it    gives 
out   messagi  ,..t..r  ncn-cs  to  the  muscles;    if  tin- 

message  runs  straight   throiiu'li  to  the  I. rain  on  to  the  motor 

I   reilrx    DerVOm  ai-  'nanu-al  circl-         N      .  turn 

round  ijuickly  in  \.nir  chair,  and  jfOUl  kt.-  knocks  against  the  sharp 
edge  of  the  tal.le.  \\.thont  an\  thought  of  what  you  arr  doing 


110  Till.    I.I  11.    OF  MATTER 

your  hand  moves  down  and  rubs  your  knee,  or  the  part  may  cause 
you  so  much  discomfort  that  you  hop  up  in  a  hurry  and  do  a  pace 
round  the  room.  On  first  examination  these  two  actions  appear  of 
totally  different  character,  the  first  unconscious,  the  second  conscious. 
But  this  difference  is  only  apparent,  for  in  both  cases  there  occurs 
a  physical  change  in  the  nerve  tissue,  a  message  from  skin  to  brain 
and  from  brain  to  muscle ;  and  in  both  cases  your  action  really 
proceeds  from  the  brain-memory  of  past  sens< --impn  -ssions.  the 
immediate  sense-impression  being  conditioned  by  the  physical  im- 
presses of  the  past.  When  you  rubbed  your  knee  without  thinking, 
only  a  few  past  experiences  came  into  play ;  you  are  said  to  act 
involuntarily,  from  instinct  or  habit ;  the  sensation  may  pass  over 
into  the  motion  so  quickly,  you  may  be  so  absorbed  in  your  work. 
that  you  never  realised  the  message  from  the  sensory  nerve  at  all ; 
only  a  spectator,  perhaps,  has  been  conscious  of  the  whole  process 
of  knee-knocking  and  rubbing;  you  can  thus  receive  a  sense-impres- 
sion without  recognising  it,  or  a  sense-impression  does  not  involve 
consciousness.  On  the  other  hand,  when  you  started  up  round  the 
room  we  call  it  an  act  of  the  will,  but  the  "  will  "  is  equally  deter- 
mined by  the  past  training  and  experiences  we  have  undergone  ; 
as  a  child  you  struck  your  knee  often,  and  gradually  stumbled  <>n 
the  discovery  that  a  hop  round  the  room  helped  the  pain  ;  you  hop 
around  now  and  think  it  freewill ;  not  at  all,  you  are  just  recording 
the  earlier  stamp  upon  your  brain  when  a  child.  Consciousness  is 
no  proof  of  will  power.  Your  brain  is  an  automatic  telephone  ex- 
change. Your  originality  is  spurious,  being  but  a  consciousness  of 
a  finite  number  of  past  sensory  impressions.  The  processes  inter- 
vening in  the  brain  between  immediate  sense-impression  and  conscious 
exertion  are  just  as  much  routine  changes  as  what  precedes  the 
sense-impression  or  follows  the  exertion.  In  the  words  of  Karl 
Pearson,  "Will,  when  we  analyse  it,  does  not  appear  as  the  first 
cause  in  the  routine  of  perceptions,  but  merely  as  a  secondary  cause 
or  intermediate  link  in  the  chain."  Your  brain  is  "  a  marvellous 
complex,  upon  which  no  element  of  race,  of  ancestry,  of  education 
or  of  experience  has  failed  to  leave  a  more  or  less  indelible  impress." 

Man  can  but  register  the  past. 

Let  the  poisons  of  syphilis  corrode  the  finer  paths  of  your  brain, 
and  a  lot  your  boasted  freewill  will  help  you!  Destroy  the  nerve- 
bridge  in  your  brain  between  word-vision  and  word-sound,  and  a  man 
may  understand  language  and  yet  have  lost  all  power  to  express 
his  thoughts  in  the  spoken  word.  Destroy  other  nerve-bridges,  and 
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a  man  will  become  a  maniac.     In  the  words  of  Karl  IVnn*m.  ••  H«d 

we   kno\\|.  !  -I,    we  can    harclly   doulit    that    all    thi*   brain 

be  described  merhaniealK  '    Cram  mar  of  Science)      nr 
in   tin-   \\»-  i  tcqucs  Lori         k4  We  rat,  drink,  and  reproduce, 

not  because  mankind  has  reached  an  agreement  that  thin  b  dcstr- 
ai.l- ,  l>ut  because  mm-him  hk«  we  are  comp«  IN  d  to  do  so.*9 

As  applied  to  th<    pr.ihli -ii  .  thin  view  of  man 

ax  a  being  passive  and  a-  is  ->i  int.  i.    t      The  pn.u, m  ..f  th. 

slums  oi  some  of  the  great  cities,  for  exam  pi*  I  usual  view  of  thr 
sen-lit  ist  is  based  on  the  fun.. us  th<  OIJ  "f  the  ^emi-  or  nproduetixe- 
tissue  advanced  by  the  German  zoologist  August  \\Vismai  m 


of  »on. 


««l 


|  ft«r»  (Cr 


Pio.  137.— Two  diagram*  eoifcrMting  the  umuU  view  and  W 
A  gfli  itt  carrying  A  oorpMi 


'•theory. 


Tlic  average  man  of  us  rryanU  his  Ixxiy  and  his  rrpriMlm-f 
tissue — if  indeed  he  «  \<  r  thinks  of  the  matter  at  all      as  if  thr  body 
does  certain  things  and  the  germ-tissue  is  a  kind  recording 

the  iloinirs  of  thr  IxKly     just  as  the  brain  rrronls  thi    f< »  Im^  «»f  his 

skill.       \\  •  isiii.iim   •  lialh  IlLTeil    this    Ixli.f.    p-\  rrsrd    thr    jilra    «.f   it.  and 

In.  t   \\.-i-rht    MM  the  germ  itself.     The  body  t«>  him   is  but  an 

outgrowth    li.iiu.  an  BXOreaoenoe   «»n.   the  jjenn.       Thr  body  supplies 

the  germ  with  nourishment,  hut  thr  ^rrm  is  the  essential  part,  thr 

immortal    part;     for  only    those  cells   which   preserve   theins,  |\.s    |,\ 

di\  idingaway  ami  parting  from  this  mortal  body  deserve  to  be  called 

immortal.      Life  is  a  mm-ut   passing  on  from  the  L'.  rm  - -I  • -nr  jjrnera- 

ti-'n   to   the   ^rrm   of  tin    n«\t    pc«i        M  nr  InHlirs  l»ut    the  leaves 

along  on   the  surface  of  the  stream,  doomed  to  wither  and 

sh. 

The    spider  sits  on  the  middle  of  the  web  he  has  spun.      \Vri\niann 
elaims  you  can  injure  the  uel>  (the  body)  without  alfecting  the  spider 
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(the  germ) ;  the  two  are  quite  apart ;  of  course  you  hurt  the  spider 
indirectly  by  tearing  its  web  and  depriving  it  «.r  its  food,  but  there 
is  no  immediate  union  between  the  web  and  I  lie  spider — still  less 
between  the  web  and  the  iptder'fl  < Ascendants.  Changes  occurring 
in  tin-  body  are  not  transmitted.  How  indeed  could  they  be,  how 
could  these  which  are  really  external  influences  leave  any  trace 
on  th«-  srmi-llnid  -jenn  within  ? 

Mutilations  are  not  inherited.     A  man  may  lose  his  thin  i  tb  or  more, 
but  his  son  will  have  on.-  i«i  .ill  that.     Horses  and  dogs  have  been 


Fio.  138. — Illustrating  the  germ  theory  of  heredity. 

docked  of  their  tails  for  centuries  without  shortening  in  the  offspring. 
Then,  if  it  be  not  through  the  germ  that  we  inherit,  how  do  male 
qualities  pass  through  the  female,  and  female  through  the  male  ? 
The  lovely  soprano  voice  of  the  mother  may  be  inherited  through  the 
son  to  the  granddaughter,  the  black  beard  of  the  father  may  pass 
through  the  daughter  to  the  grandson  ;  bleeder's  disease  or  too  ready 
bleeding  passes  through  the  female  without  occurring  in  the  females 
themselves  (the  father  bleeds — his  daughter  does  not  bleed — her 
sons  bleed). 

Experiment  does  not  disclose  much  connection  between  body 
and  germ.  Thus  W.  E.  Castle  and  J.  C.  Phillips  transplanted  the 
ovaries  of  a  guinea-pig  of  one  colour  to  a  guinea-pig  of  another  colon  r. 
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and    th<     traiisplan  tries    produced    living    young    resembling 

the    original    animal,    not    tl,,-    QM    int..    uhieh    the   OVaTICS   WCTC   put. 

Again,  n  'the  i.  lation  hit\\.-.  n  I xxly  and  germ  were  a  close  <*ne,  1 1 
should   also   be   a    d.  ln.it.     relation    lx-t\v<  conditions    of   the 

body  and  the  incidence  of  sr\  in  the  birth-rate.      That   has  n«  ver  been 

ith-rate  of  the  duet  Scottish  towns  shows  the  same 

>ale  t.>  t.  male  children,  51  to  40  in  a  100.  whether 

\  cold  unit.  iis  or  in  the  six  warm  summer 

months. 

So  runs  the  argument.     And  the  social  d<  duct  ions  are  not  slow 

as  follows  : 

If  people  h\e  m  slums  an«:  .  .  it  is  a  pity  for  thrm,  for  t 

get  too  little  to  eat  and  to<>  much  to  drink,  ami  so  their  ^rrtii- tissues 
get  po«M  then-  children  will  then  be  less  sturdy,  but  there 

is  no  direct  stamping  of  the  evil  circumstances  of  the  slums  upon  ti.< 

race  is  as  good  quality  as  rifle  tin  smaller 

in  quantity,  because  the  yernis  of  the  parents  were  badly  nourished: 
feed  them  up,  and  all  will  be  well  as  before.  On  the  other  hand. 

a  bad  st«>< •;,  us  a  bad  stock  :    we  are  th<  ned  effects 

bad     hereditary    determinants.    .TJ    male    and    .TJ    f.  male  ;      if    our 

its    ale    rotten.    u«     must    be    rotten    t(XX* 

Clearly,  if  this  be  the  case,  if  a  man  i  d  bad  from   hi* 

birth,  there  is  no  sense  in  wasting  money  and  time  in  public  edu- 
cation, in  training  children  beyond  their  natural  station.  To  quote 
l>  II  L<x!k  (Variaii  //  /  //ion):— 

1         \\  e  think  that   the  inheritance  of  acqui red  char.. 
ma\  lie  disregarded  as  a  practical  factor  in  evolution  "  (p.  820). 
.  Tin-  principles  of  heredity  teach  us  that  education  and 
training.  h>  Ixmcficial  they  may  be  to  the  individuals. 

have  no  material  effect  upon  the  stock  itself.  If  they  have 
any  effect  at  all,  this  is  undoubtedly  unimportant  in  corn- 
pans,. n  with  tin-  effect  which  would  be  produced  by  select i«>n 

individuals    u  ho   exhibit    desirable  qualit  i.  I         demand 

a   higher  birth-rate  ou^ht    to  apply   strictly  to  desirables. 

In^*  this  the  cry  is  for  (ducat  p. n  and  physical  training. 

processes    which    can    have    no    permanent    beneficial    effect 

upon  the  race  "  (p.  822). 

•  Weismann.   The  Hnftrtion   Theory,   vol.   t   p.   388;    cf.   Charles   Darwin. 
>nal*   and   Plants,   rol    n     p.   (H) :     "TrMMmuvion    and   dewlopmeot    we 
distinct  powera." 
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2.  Karl  Pearson  (Grammar  of  Science,  vol.  i.  p.  28) : 
"  From  a  bad  stock  can  only  come  bad  offspring,  and  if  a 
member  of  such  a  stock  is,  owing  t<>  -i><n;d  tr.-iinifi^  mid 
education,  an  exception  to  his  family.  liis  offspring  will  still 
be  born  with  the  old  taint.  Now,  this  conclusion  <>t 
Weismann,  if  it  be  valid — and  all  we  can  say  at  present  is 
that  the  arguments  in  favour  of  it  are  remarkably  strong- 
radical  ly  affects  our  judgment  on  the  moral  conduct  of  the 
individual,  and  of  the  duties  of  the  State  and  society  towards 
their  degenerate  members.  No  degenerate  and  !'<•<  !,!<•  stock 
will  ever  be  converted  into  healthy  and  sound  stock  by  the 
accumulated  effects  of  education,  good  laws,  and  sanitary 
surroundings." 

If  this  be  true,  if  the  same  process  of  betterment  has  to  be  laboured 
through  by  public  authorities  in  each  generation  with  inadequate 
and  futile  results,  it  is  not  difficult  to  see  how  enthusiasm  for  social 
reform  may  be  damped  down ;  we  shall  neglect  the  freedom  of  the 
individual  and  shall  look  instead  to  the  State  to  pass  stringent  laws 
forbidding  marriage  among  the  diseased  and  criminal  stocks,  and 
permitting  only  the  fit  to  procreate  (Eugenics). 

THE  PROBLEM  OF  DESIGN. 

Thus  we  are  all  dead  machines,  devoid  of  guiding  design.  In 
the  words  of  Charles  Darwin  himself:  "Now  that  the  law  of 
Natural  Selection  has  been  discovered,  one  can  no  longer  argue 
that,  for  instance,  the  beautiful  hinge  of  a  bivalve  shell  must 
have  been  made  by  an  intelligent  being,  like  the  hinge  of  a  door 
by  man." 

And  in  a  letter  of  Asa  Gray  in  America,  dated  22nd  May  1860  : 
"  I  see  a  bird  which  I  want  for  food,  take  my  gun  and  kill  it ;  I 
do  this  designedly.  An  innocent  and  good  man  stands  under  a  tree, 
and  is  killed  by  a  flash  of  lightning.  Do  you  believe  (and  I  really 
should  like  to  hear)  that  God  designedly  killed  this  man  ?  Many  or 
most  persons  do  believe  this;  I  can't,  and  don't.  If  you  believe 
so,  do  you  believe  that  when  a  swallow  snaps  up  a  gnat  that 
God  designed  that  that  particular  swallow  should  snap  up  that 
particular  gnat  at  that  particular  instant  ?  I  believe  that  the 
man  and  the  gnat  are  in  the  same  predicament.  If  the  death  of 
neither  man  nor  gnat  are  designed,  I  see  no  good  reason  to 


-V    tl.;tt  rst    I.  nth  nr    production   should    be   necessarily 


A  in.  .tip  -r  hears  an  only  son.     A  few  bacteria  settle  on  the  coats 

«>!   Ins   l»o\\r|,    tl..     milaiimiatioii  ,,|   appendicitis  <  iiMltti,  then  hUppUftt- 

•nth,   full  ..I   promise,  has  gone  to  feed  a  few 


Gal  ton'*  Chance  board. 

•tot  are  dropped  into  the  dot  and  trickle  through  between  the  nail 
into  the  columns  below. 


bacteria.      Is    it    n<»t    a   mockery?     In    Wt-isinann's    woni          I1 
n«»t    tin-   hypothesis  of  a  predest mat i ni:  p01  •!«  \  •  l->pnirnt  Miffrr 

ntt.-r  sliipuivrk  in  face  of  facts  like  t hcse  T "  Or  in  Darwin's 
words,  "This  vrry  old  ar^innmt  from  tin  (-\ist«-n«-«-  .-I  xUff.  r;ii- 
against  the  existence  of  an  intelligent  FirM  Cause  seems  to  me  a 
strong  one." 
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Man  and  Nature  arc  like  the  wind  "with  the  details  whether 
good  or  bad  left  to  the  working  "ut  of  what  we  may  call 
chance."  Therefore  Darwin  says,  "I  for  one  must  !><•  content 
to  remain  an  agnostic."  And  again  he  asks.  "  Have  we  any 
right  to  assume  that  the  Creator  \v..rks  l>y  intellectual  powers 
like  these  of  man?" 

His    follower,    August    \\Visniann,   voices   this   in    these    words: 

"  \Ve  have  no  reason  to  refer  the  thousands  of  eases  of  harmonious 
adaptation,  which  occur  among  animals  and   plants,  to  a   principle. 
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Fio.  140.— Heights  of  1000  American  soldiers. 

The  numbers  on  the  base  line  represent  the  height  in  inches.     The  dote  represent  the 
number  of  soldiers  to  each  height. 

The  Law  of  Chance  maintains  that  as  the  bullets  on  the  chance  board  and  the  hc-i 

of  the  soldiers  are  distributed  into  similar  columns,  man  must  obey  the  Law  of  Chance 
in  his  stature. 

the  active  intervention  of  which  in  the  transformation  of  species  is 
nowhere  proven.  We  do  not  require  it  to  explain  the  facts y  and  therefon 
we  must  not  assume  it." 

Or  to  put  it  bluntly,  there  is  no  Intelligence  beyond  that  of 
the  well-educated  man. 

The  rest  is  easy,  both  to  individual  and  to  nation.  If  man  he 
but  a  chance  mushroom  on  a  mechanical  dungheap,  then,  in  the 
words  of  the  Persian  Omar  Khayyam.  "One  tiling  's  certain,  and 
the  Rest  is  Lies  ;  The  Flower  that  once  has  blown  for  ever  di 
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till  the  Cup  :— what  boota  it  to 
w  Tiroo  M  sUpping  undarnaftlh  our  Peels 
Unborn  To-morrow  and  dead  Ymterday. 
Why  fret  About  them  if  To-day  be  aweet  I 


One  Moment  in  Annihilation'*  Wa«U». 
One  Moment,  of  the  WeO  of  Ufa  to 

The  Start  are  Netting,  and  the  Caravan 
Start*  f..r  the  Dawn  of  Nothing— Oh,  make  haste ! " 

THE  NATION. 

\'nl  if  tin-  nation  In    hut  only  a  r. .iiil.m.    ..f  force  struggling— 

•ftcr  the  teaching  «.f  Chai         l>    -\\m      to  survive  amid   a   world  of 

lists,  as  do   the-   tivrs  .-I    tin-   i.-n  st    tor  a  place  in   the*  sun, 


Flo.  141. — The  effect  of  Force  upon  a  German  inliiar. 

th.it   nation  with  the  greatest  force  will  prevail  over  the  rest. 
I      n  comes  the  easy  descent  :— 

1.  Trust  in  man's  int.  11,-,-t  hrgcts  a  belirf  in  external  f«»rce. 

2.  Force   begets    na\  >  -machines  and   anny-inachincs  and   aero- 

machincs. 
I      se  machines  beget  abandon  of  direct  government  by  the 

people. 
l.    I  im-.-t  rontrol  |,\-  the  people  spells  war. 

5.  War  is  the  reckless  con\  t  human  lives  into  corpses. 

6.  Destruction  ••!"  Inv  is  <h  at  h  to  the  home,  present  or  to  be. 


upon  a  time  a  man  received  the  gift  of  a  motor-car.     But 

he   was   warned,    "Do   not    use    this   ear.    for    it    has    n,.    bnkflS  j     ttrfi 

type  of  machine  is  i.mlt  only  tor  si  The  man  obeyed  at  first. 

II.    hmlt  a  beautiful  sh,  d  tor  his  car,  dry  and  warm  and  airy,  and 
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he  kept  it  oiled  with  care  and  dusted  it  every  day,  until  its  bonnet 
and  silver  sparkled  in  tin  sun  whenever  In-  wheeled  it  out.  Il< 
used  to  wheel  it  out  every  day  but  Sunday,  and  used  to  pat  it  l.»\  i  ugly, 
!'«•!•  it  was  his  own.  But  one  tine  day  he  said  to  himself,  "Why  do 
I  keep  my  car  in  its  house?  Hn<l  I  not  |M-H«T  test  it  out  a  little 
upon  tin  i. ..i,l  ;  So  he  started  the  engine,  and  took  it  safely 
through  the  front  gate,  which  it  filled  almost,  for  the  car  was  really 
a  big  one.  He  ran  it  along  the  road.  He  cam«-  t<»  the  top  of  a  liill 
and  down  it  he  sped,  the  dust  rising  In-hind  him.  But  at  the  foot 
of  the  hill  was  a  cross-road,  crowded  with  men  and  women  and 
children.  And  the  car  dashed  into  them  and  hurt  several  of  the 
youngest  children,  the  ones  who  could  not  run  out  of  the  car's  way 
quick  enough. 

Gaze  down.  Our  valley  is  a  carpet  of  green  and  yellow  beneath 
our  feet.  It  looks  lovely.  It  seems  very  busy.  But  listen,  span- 
ning it  all.  like  a  great  vulture  surveying  the  abyss,  there  broods 
the  unanswering  stillness  of  death. 
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THE    MOUNTAIN 

HKST    STK1V 

THE   SPIRIT   01 

PLATO  tells  of  the  man  who  lives  all  his  hi.   m  semi darkness,  msid«- 

a  great  cave  or  mine,  until  he  had  grown  to  be  part  and  pared  <»f 

it  ;   until   (  \.  i\    u.Mik  and  every  cranny  is   linked   in   Ins   mind  with 

•omc  |>crsonal  interest,  until  the  beauties  of  .  ystal  and  every 

are  sacred  an<l  nvt.-.l  t..  his  affections.     Now,  let  such  a  one 

be  visited  by  a  dweller  <»n  the  earth,  this  world  of  sunshine  and  the 

open  road,  of  the  dew    sparkling  amid  the  heat  her,  the  snow  as  it 

ii   the   elear   Mack-purple  mountains,  of  misty  waterfall* 

and  darkly   murmuring  forests,   of  tin-   foam   ami   swirl   aii.l   swish   i»l 

the  waves  up..n  the  sand,  the  red  poppy  as  it  stares  from  out  the 

green  and  yellow  com,  of  tin-  challenge  of  the  storm  and  the  sting 

the  leaping  spindrift.     He  dimhs  laboriously  down  into  the  dark, 

i  and  says,  "This  smells  like  rheumatism/'     He  greets  the  denizen 

t  he  cave  with  the  words  :— 

"Really!    What  are  you  doing  in  this  dark  h  »    »me  out 

c\" 
But  the  cave-dweller  replies  : 

V-u  arc  mad.     Who  are  you  that  ask  me  to  leave  my  old  and 
l"\rlv  ous  iu  search  of  what  you  call  beauty  ?     Prove  to  me 

that    \our  hoastings  are  superior  t«>   what    I    hm-  display.      Ixx>k  at 
this  precious  gem  I  ha\«    found  ;    can  you  match  that?" 

u  No,"   says    the    visitor.         I        m't  ;      hut    al>"\e    (  i  :\tlung 

l«H)ks   so   different,    so   much    wider   and   airier.      YOU    do    i,,,t    under- 
•id  what   hu'ht  and  h<  i^ht  an«l  distaiu-e  mean." 

»h.  don't  I  !  n  torts  the  cave-dweller.  "Cast  your  eye  along 
that  tunnel.  N  not  the  distance  enormous?  Although  the  light 
at  this  point  is  very  bright,  your  eye  cannot  even  attain  the  farthest 

ui 
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end  of  it;  and  can  there  be  any  distance  farther  than  the  limits  of 
my  utmost  vision  ?  " 

But  he  forgot  the  penetrating  remark  of  Licbig,  "The  secret  <>l 
all  who  make  discoveries  is  that  they  look  upon  nothing  as  impossible." 
II'  :<_jot  that  the  only  tiling  perfect  is  ;(  perfect  fool.  He  imagined 
that  his  own  provisional  view  of  Nature  was  the  absolute,  constant, 
and  rigidly  unalterable  truth.  Which  was  a  mistake.  For  the 
march  of  knowledge  is  marked  by  palatial  milestones,  each  based 
on  a  foundation  broader  than  the  last. 

One  further  point.  Let  no  inquirer  ever  seek  to  ^\\n •< •/<•  money 
out  of  search.  An  example.  Following  up  the  theoretical  work 
of  the  Frenchmen  Ampere  and  Coulomb,  the  Englishman  Faraday, 
the  American  Henry,  and  the  Scot  Maxwell,  the  German  physicist 
Hertz  in  1887  established  that  electro-magnetic  waves  can  !»••  sent 
right  through  space.  What  more  unbusiness-like  discovery  could 
well  be  made  ?  One  can  overhear  the  jibe,  "  An  electric  wave 
through  the  aether!  Unpractical!  No  money  in  it!"  Ah,  but 
the  Italian  Gulielmo  Marconi,  born  of  an  Irish  mother,  seizes  the 
idea,  perfects  the  metal-filling  receiver  of  the  Frenchman  Branly. 
and  renders  it  a  practical  instrument  to  record  the  movings  of  in- 
visible matter.  Wireless  telegraphy  is  the  result.  A  doomed  ship 
can  now  signal  for  help.  To-day  Marconis  are  quoted  on  the  Ex- 
changes. Yet  what  man  so  daring  as  estimate  the  value  of  human 
life  in  terms  of  hard  cash  ! 


SECOND  STEP. 
THE   METHOD    OF   SEARCH. 

Seek.     See.     Seize.     Follow.     Forbear. 

How    scale    this    barrier   of   rocks    and    overhanging    boulders  ? 
Silently  humble. 

Without  conceit  in  the  past,  without  fancy  of  the  future. 

For  to  assume  is  to  presume. 

A  healthy  dissatisfaction  is  not  the  same  as  a  discontent. 

Accept  not  for  true  on  the  bare  assertion.     Verify. 

For  it  is  usually  ignorance  which  keeps  people  content  with  the 
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wore*  t!><   pithx  word  of  Shakespeare,  "  There  i*  no  darkneiai 

hut  ik'n 

•(,;  defined  i,.  I'-mi  th.  I  vangelist an  the  sub- 
stance  ol  i  things  not  teen.    Test 

on  test:   if  right,  well  ;    if  ui-..ng.  leani.     N  oof  ftwt  guess  or  theory 

contains  some  i.f  the   facts,    hut    i»..t    ..theis;     ilisranl    it.    1  r>    aii. .tli.  i. 

it  meagre ;  and  so  on.     The  greater  th<  mimlx  r  of  facts  properly 


Pio.  142.—  Leonardo  da  VinoL 

comprised  by  your  supposition  and  th<    simpN  r  its  statement,  the 
near,  i    it   ,-..!n«-s  to  be  a  general  law  of  Natnn  .     In  the  words 
Leonardo  da  Vinci  (1452-1519),  of  I  and  Milan  :— 

I  nt  is  the  interpreter  <>f  the  artifices  of  Nature. 

It  is  n,  \,  t  wrong;  hut  «»ur  judgment  is  sometimes  deceived 
because  we  are  aq>  «-tinj»  results  \vhu-h  experiment  refuses  to 
give.  We  must  consult  r\p.  run.  nt  ami  \  ar\  the  .-in-uinstanccs 
till  \\«-  have  deduced  in-  111  it  general  \n^  it  alone  can 

luriiish  us  \\ith  th- 


Kuowledge  advances  by  the   \\aiving  of  assninptions.  h..\s,  \«r 
eemingly  opposite. 

Pat  a  patience,  anger  on  an^er.  c.»ntid«-iu'e  mi  confidence. 

I        M.itt.  i  li.>rn  was  not  surmounted  tirst  attempt. 
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The  tides  are  still  to  be  harnessed. 

There  arc  seas  and  seas  uncharted  to  explore. 

Rt  ly  not  on  the  ear  so  much  as  on  the  eye. 

For  your  ear  is  another's,  the  eye  is  your  own. 

No  single  belief  but  is  based  on  some  foundation,  yet  is  hearsay 
a  leaf  in  autumn,  blown  from  the  trunk  that  bore  it.  Granted  the 
possession  of  honesty,  a  deduct  inn  from  observation  should  carry 
more  weight  than  reasoning  that  arises  from  the  statements  of  others. 
The  observations  of  others,  while  probably  better  than  our  own, 
are  no  substitute  for  our  own.  For  the  eye  is  exactcr,  albeit  nn.n- 
exacting,  and  by  it  we  measun-. 

Tycho  Brahe's  advice  to  the  young  John  Kepler  upon  presenting 
him  with  some  wild  astronomical  theory  was  "first  to  lay  a  solid 
foundation  for  his  views  by  actual  observation,  and  then  by  aseend- 
ing  from  these  to  strive  to  reach  the  causes  of  things." 


Most  of  our  eyes  start  equal.  But  it  is  one  act  to  see  a  thin-. 
another  to  understand  it.  In  the  words  of  Paul,  with  the  spirit 
and  with  the  understanding  also.  A  man  may  see,  and  yet 
nothing.  A  British  soldier  was  once  shot  through  the  back  of  the 
head  and  through  the  seeing  lobes  of  his  brain.  His  eyes  and  eye- 
nerves  appeared  to  be  quite  intact,  but  yet  to  him  the  world  was 
utter  darkness. 

It  was  Dr  Joseph  Bell  of  Edinburgh,  who  is  the  Sherlock  Holmes 
so  skilfully  portrayed  by  Arthur  Conan  Doyle.  "  You  see  that  man 
who  has  just  stepped  in,"  he  would  remark  to  one  of  his  students, 
44  tell  me  his  story."  The  student  would  make  to  inquire  of  the  man 
himself.  4t  But  stop  !  "  said  Bell ;  "  you  can  surely  see  it  without 
asking.  Here,  my  man,  will  you  be  so  good  as  correct  me  if  wrong  ? 
To-day  is  Monday,  but  you  injured  yourself  on  Saturday,  for  it 
was  splashing  wet  then  and  dry  yesterday,  and  the  mud  still  clings 
to  your  trousers.  By  its  colour  I  perceive  the  district  you  hail 
from.  You  received  your  pay,  shipped  some  liquor,  and  fell  with 
your  weight  on  the  grate,  for  your  trousers  are  singed  at  the  knee. 
You  limped  when  you  entered.  Your  complaint  is  a  burn  on  the 
leg.  Is  that  correct  ?  "  It  was. 

And  the  conversations  between  Sherlock  Holmes  and  his  friend 
Dr  Watson  gain  their  interest  not  so  much  from  the  detective  having 
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seen  more  than  thr..ther,  hut  hccaiisec  ,-lv  simple 

flip  everyday  in.    h<    n,;.  i-  imagine*  m< 

and  so  sifts  and  analyses  the  jwst  events  ;    the  colour  of  a  hat,  th. 

vingofa  lotmsh  tin-  pi.  a  thumb-print 

'«  1  1  ing  of  a  boot,  all  l»a\«  their  meaning  to  the  detective.  And 
\\hni  th,  v  both  see  the  9  and  2.  the  detect  i\«  )s  the  tir^t  to  associate 
th.  in  t.»  make  i.  In  Ins  o\\n  Nsonis,  1  ne  principal 

steps.      We  approached   th.    OMC   "ith  an  absolutely   blank  mmd. 
uhi.-h   is  always  anadvantag<  had  formed  no  theories.     U- 

re   Minj.i  to  observe   and    t<»   draw   inference*   from   our 

obs<  i  il      t  did  we  see  first?"     I 

see  a  thmU'  <->   n<>t   necessarily  to  realise  it. 
Op«  «•  ! 

I     il"W    uj>.    \N  !  piissihli-.      Is   truth 

I        <  limit 

down  is  <\        BtOffe  dftBgl  In  tin-  ntt«-r- 

ancc  of  Francis  Haeon  (1501-1626)  :— 

Y.-t  truth,  \vhich  only  doth  jud«M- 
itself,  teaeheth  that  t  IK  inquiry  «>1 
truth,  which  is  tin-  l<>\<  making  or 

W«>'  it;    thr   knowledge  of  truth.  43.—  Frmneis 

uhich   is  the  prcseii  i  :    and    tin- 

In  h<  t    of   truth,    which    is   the   cnjo\  in.;   of   it.   is   t;  reijjn 

good  of  human  nat 


\\hich  auMin   is  nisullicicnt.     Very  much  so.     In  the 
William    Hamilton:    "Truth    is   like   a   torch:    tin-   IIP.  re   it  is   shook, 
the  more  it  shines!"     Any  truth  we  attain  is  but  a  pledge  of  n 
an  earnest.     As  it  ousts  its  earlier  aspects,  so  it  stands  itself  ready 
to  be  ousted.     In  th<    words  of  the  song,  wider  still  and  wider  shall 
thy  bounds  be  s,  •       \\hieh  naturally  takes  time  ;  for  unless  for  cash. 

•iini:   worthy   becomes  acceptable  except   through   the  su, 
stages  of  ncgl<  ''ini^.  <  -..ntention.  and  a  faint  support;    as 

indeed  every  man  encounters  \\hen  h<  seeks  a  new  job.  Tnith  is 
n.-t  absolute  ;  it  grows  in  eras  ;  it  is  strong  to  judge  itself;  it  lives 
in  awe.  It  resembles  th.  radiating  rings  of  a  still  pool  into  which 
a  stone  is  dropped. 

Frequent  attempts  have  been  made  to  quench  the  torch.  Never! 
though  it  has  oftm  l>ccn  guttered  down.  Opinion  is  a  form  of 
physical  strength,  and  so,  not  unnaturally,  lx-licvers  in  the  past 
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have  used  physical  strength  to  crush  it.     Ami  in  the  early  days  when 
research  was  perhaps  i  <  it  ing  than  to-day,  you  had  to  back 

your  opinion  with  your  body.  "  I  believe  in  an  infinite  1'nivci 
said  Giordano  Bruno,  and  was  burnt  at  the  stake.  In  his  travel 
through  Germany  as  a  young  man,  Tycho  Brahc,  the  Swedish 
astronomer,  became  interested  in  a  dispute  with  a  nobleman  of 
Denmark  on  a  questionable  point  <»!  i:«>m<try.  According  to  the 
narrative  of  David  Brewster,  the  two  mathematicians  resolved  to 
settle  the  difference  by  the  sword.  Tycho,  however,  seems  to  have 
been  second  in  the  conflict,  for  he  lost  the  greater  part  <>!  his  nose, 
and  was  obliged  to  supply  its  place  by  a  substitute  of  gold  and  sil\  <  r. 
which  a  cement  of  glue  attached  t<>  his  face. 

Apart  altogether  from  the  issue  of  human  life,  it  is  in  practice 
difficult  to  persuade  a  man  by  dashing  his  brains  nut.  And  ever 
clearer  does  it  appear  we  can  hold  robustly  and  resolutely  to  our  own 
belief,  without  stint  to  the  gain  of  others.  Their  gain  is  our  gain, 
their  loss  our  loss.  There  is  no  sincerer  test  of  our  courage  and 
ability  than  this.  Are  we  prompt  and  tolerant  to  sink  our  own  new 
on  the  presenting  of  a  better  ? 

Observe  ;   analyse  ;   compare  ;   forget ;   devise. 


THIRD  STEP. 
THE   NEED    FOR    INQUIRY. 

(This  varies  from  time  to  time.) 

In  the  first  part  of  these  pages  reference  was  passed  on  two 
beliefs  of  Western  men,  grasped  usually  under  the  terms  "  Atoms  " 
and  "  Natural  Selection."  The  first  usually  held  to  explain  element, 
the  second  tissue.  Both  merged  within  the  idea  of  the  conservation 
of  force  applicable  not  merely  to  matter  but  also  to  the  workings  of 
man  himself.  These  ideas  are  open  to  criticism,  as  in  this  way  :— 

Atoms. 

What  is  their  shape  ?  Are  they  round — as  are  the  planets — or 
oval,  or  disc-shaped  like  the  small  red  bodies  of  the  blood,  or  are 
they  rectangular  cubes,  or  lopsided  ? 
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No  two  sand  grains  on  the  shore  are  exactly  alike.     Are  no  two 


Fio.  144.—  The  plan*  Saturn  and  th 


Fio.  145.—  Human  red  blood  corpuacle*.  greaUy 


Flo.  140. — Sand  gra 


at. -ins   ea  Jflcet        K    tin-    partu-lr  inon   salt    imr   sha|N\ 

the   particle  «>t    mustard  anotiu-r  shapr.   the  particle  of  olive  oil  a 
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third  shape?  Do  they  all  differ  in  movement,  state  of  temperature, 
and  electrical  c.  >n<iit  ii>n  ?  When  water  is  heated  into  steam,  do  the 
particles  swell,  and  it  so.  how  much  do  they  swell  ?  Are  there  little 
spaces  between  the  particles,  or  do  they  stick  together  into  clumps  like 
toffee  ?  Why  when  you  set  a  bowl  of  water  out  on  a  frosty  ni^ht  do 
you  find  the  I'm/en  water.  "  ice,"  has  expanded  and  risen  in  the 
middle  of  the  l>owl  and  up  the  sides  of  your  l»<>wl  ?  Why  do  water- 
pipes  sometimes  burst  in  I'M  .sty  weather?  Is  it  that  the  cold  has 
made  the  particles  of  water  expand?  Such  a  notion  is  not  readily 
comprehensible. 

Western  man  has  pictured  to  himself  smaller  and  smaller  par- 
ticles— "  grain,"  "  particle,"  "  molecule." 
"atom,"  "semi-atom,"  "electron,"  each 
smaller  than  the  last,  like  the  box<  ^  of  a 
Chinese  puzzle.  They  are  the  instruments 
of  his  calculations.  But  until  he  first 

Fio  U7  —Wat«r  to  ice         clearly  determines  the  actual  shape  of  t  hese 

bodies,  he  missel  surety  and  extent,  and 
tends  to  waste  the  precious  time  of  those  who  tread  after  him. 

We  are  each  allotted  a  seventy  years'  span,  and  it  is  not  rendered 
more  fruitful  by  such  idle  and  miniature  projections  of  the  fancy. 

Natural  Selection. 

Charles  Darwin  says  plants,  animals,  and  man  are  the  direct 
outcome  or  mould  of  the  external  forces  of  Nature,  the  "  environ- 
ment." Is  this  correct  ? 

Consider  there  are  three  difficulties  to  this  view  :— 

1.  The  want  of  harmony  between  environment  and  tissue  form. 

2.  The  origin  of  form. 

8.  The  retention  of  form. 

Then  let  us  briefly  instance. 

First  Difficulty:     The  Environment  Form  Discord. 

The  regions  of  the  earth's  surface  merge  more  or  Kesfl  gradually 
the  one  into  the  other ;  the  species  of  plants,  animals,  and  man  do 
not ;  the  Polar  bear  does  not  blend  by  intermediate  forms  into  the 
African  lion. 

Natural  Selection  maintains  :  The  outer  world  is  measure  of 
the  organism.  Geography  replies  :  It  is  not ! 


M:I  i)  inn   i  \ut 'IKY 


I    r  in  termed  iat.   i"..nus  are  rare.    Embedded  in  the  earth's  crust 

we  lin'1.  ii"t  an  nni.f..k.  M  riiain  \\itli  perfect  links,  but  vestiges  of 
distin.  r  i'.  .mis  Miuilar  t<>  those  whn-h  .\ist  to-day:  snail— crab— 
worm  tfill-lish  Itm-HUh  —frog-  n-ptilr  -bird  — kangaroo— dog — 
in. . nk.  \  -ape — roan. 


Kio.  148.— The  minute  jelly  Amorim. 

dtteh 


149.— A  lung  or  mud.fUh  ;  the  South   \, 


\  ,ti«:«-N  tln-n-  iiiilri-ii  an-  instant-,  tin-  n-ptilr-hml  known  as 
the  Arch«opt <  i  \  \ .  halt  l.n.l.  half  croriMlilc  with  its  tiNitluii  bill. 
wings,  ami  I..HL'  tail  (\\^.  I :.:;  a  i  i.l  154);  and  those  two  peculiar 
Australians,  th.  (iuck-lull  and  MM  s|»in\  ant  catc-r  (tigs.  155  and  156), 
NN  hirh  still  livr  to  link  birds  with  thr  inainnials.  f.»r  thouph  they  suckle 
thnr  \...ni-  tin  \  la\  them  first  as  eggs.  Other  vestiges  indicate  an 
intt  i  UK  <hat«  stage  or  offshoot  between  ape  and  man,  such  as  the 
Java  man  «h  i  l»\  the  I-'n -nchinan  Dul»"ist  the  skull  capacity 
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of  which  is  well  under  even  that  of  the  Australian  bushman  ;  the 
experts  have  disagreed  over  it,  some  holding  it  for  an  ape,  others 
believing  it  was  once  a  man. 


(After  P.  D.  Malloch,  Perth  ) 

150. — A  Scottish  trout,  with  6-inch  rule  alongside. 


(Lent  fry  Mr  Henry  Lomond,  Secretary  of  the  Loch  Lomond  Angling  Auociation ;  from  "  The  Sea-Trout.") 
Fio.  151. — Sea-trout  eggs  and  sea- trout  alevins  hatching  out. 

And  Nuttall  and  Friedenthal,  analysing  the  bloods,  found  the 
difference  between  monkey-blood  and  man-blood  to  be  greater  than 
between  ape-blood  and  man-blood. 

Nevertheless,  such  intermediate  links  are  the  exception  rather 
than  the  rule. 
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Rio.  161— Betwixt  Udpole  and  frog. 


>*(*•"  J»»rfiM«i  *  i      *•.") 
FIG.  153.— The  Arohaopteryx  :  the  Berlin  •Mrimen  in  Mo. 
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(After  William  Leche  of  Stockholm.) 

Fio.  154. — The  Archseopteryx  :  the  restored  specimen. 


NEED  FOH 


Flo*.  155  and  150.— The  Australian  duck  hill  and 

link  v.th 


by  r.  ir. 
FIG.  157. — A  monkey  :  the  Zoological  Society  of  London. 


(After  //re*.) 

Fio.  168. — Young  chimpanzee. 
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f.  W.  *•£) 
I  :>U  — An  ornng  :  the  Zoological  Society  of  London. 


MM      I  IKK    OK    MATTKI! 


FIG.  160. — An  elderly  orang  :  tli.  /..(.logical  Society  of  Lon«l<>n. 
Observe  th«'  f»n  h« -;i«I. 


\i  I  i)   mi;    i\cji  n;\ 


itfl.— 
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(After  T.  //.  //uxfc'y  ( Meun  IfacmilUm).) 

FIG.  162. — Skeletons  of  the  gibbon,  orang,  chimpanzee,  norillft,  man.  I  hoto- 
graphically  reduced  from  diagrams  of  the  natural  size  (except  that  of  the  gibbon, 
which  was  twice  as  large  as  nature)  druwn  by  Mr  Waterhousc  I1  ;i\\Uin>  from 
specimens  in  the  Museum  of  the  Royal  College  of  Surgeons. 


FIG.  163. — Infant  three  weeks*  old  that  maintained 
its  hold  for  over  two  minutes. 


Ml  I)    I  <>K     IVjl    i 


lit 


from  above  and  abo  from  the 


RSC 


CB 


Flos.  166  and  166.— Brain*  of  dog  and  man. 
GB.  Oraater  brain.     LB.  Letter  brain.     RSC.  Root  of  apfael  cord. 
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(After  Rutot.     Fron* 

Sftltj, 


Mn,,  and  Ui»  Story,' 


e*  Co.,  London.) 
FIG.  167. — The  Java  man,  or  missing  link,  reconstructed. 


\i  I.I) 


111 


M..~  ^ 


v  it  111  poMble  to  quarry  for 
»f  tho  earth.     Geologic*)  Uyera 


of  pivhinoric  man  in  the 
of 


;-%*      «• 


,,, 


170,  171.  and  17i.— Blood  eryrtak  of  dog.  fuiiMa~p%.  man,  and 


142  THE   LIFE   OF   MATTER 

There  are  other  discords.  Everything  that  is,  is  useful,  avers 
Natural  Selection.  But  tin  r.>,m  of  plants  and  animals  may  either 
fall  short  of  or  overshoot  the  environment. 

Falling  Short. — Why  is  the  fiddler  crab  lopsided  and  short  in 
one  claw  ?  Is  this  useful  ?  If  so,  why  have  not  other  crabs  the 
same  ?  Why  this  race  of  monsters  ? 

The  giraffe  has  a  long  neck.     How  so  ?     Mr  Darwin  explains  .— 

In  every  district  some  one  kind  of  anima'  will  almost 
<•<  rtainly  be  able  to  bi<»ws<    higher  than  the  others;    and   it 


(After  D.  S.  Jordan  and  V.  L.  Kellogg.) 

Fio.  173.— The  fiddler  crab.  

• 

(From  the  Royal  ScoUith  Mutewn.) 
Fio.  174. — Giraffe  bending  to  drink. 

is  almost  equally  certain  that  this  one  kind  alone  could  have 
its  neck  elongated  for  this  purpose,  through  natural  selection 
and  the  effects  of  increased  use." 

But  surely  if  it  advantaged  the  giraffe  to  develop  a  long  neck 
and  to  secure  food,  it  would  be  unprofitable  for  the  other  creatures 
to  have  to  do  with  less  food.  They  likewise  should  have  long  necks. 

Natural  Selection  fails  to  explain  the  differences  of  tissue. 

Scottish  farmers  are  well  aware  of  "  sow-mouthed  "  cattle  :  the 
dealers  try  to  pawn  these  off  at  sales,  but  as  they  have  very  short 
lower  jaws,  they  are  unable  to  short-crop  in  dry  seasons  and  require 
to  be  fed  by  hand.  But  this  quality  is  clearly  not  of  profit  to  the 
cattle,  but  rather  the  reverse. 
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Worker  ants  are  sterile,  unable  to  reproduce;  they  have  loci 
wings,  '  yes  have  degenerated.  How  could  this  ha\r 

occurred  merely  tin  nal  action?  Arc  not  the  workers 

exposed  to  the  same  light  as  are  the  others  T 

Or  wherefore  has  the  Manx  cat  got  no  tail  T  Darwin  u  obliged 
to  confess  :— 

\Vc  do  not  know  through   what   steps   under  Nature 
rudimentary  organs  have  passed   in  ben.  red  to  their 

prrsrlit    condition.    .    .    .    Kvrli    if   an    <TtfaM    <li<i    siiddrhls     ciis- 

appear  in  some  on.    mdis  idual  by  an  arrest  of  developn 


t     T     f 


Fio.  175.— Male,  female,  and  worker  ant*. 

mt «  (crossing  with   the  other  mdividu.  •tie  same  species 

ild  tend  t<>  came  its  partial  reappearance;  so  that  its  final 
retiuetiou  could  only  be  effected  by  some  other  meai 

And  the  same  diilieults  is  seen  in  the  disappearance  of  races. 
1)..  they  not  emerge  fr««m  tin-  mists  «.t  the  past,  bear  the  heat 
th«  ,lay.  ,,U|N  t.i  taller  and  faint,  giving  place  to  higher  forms?  The 
ammonites  art*  <  \tm< -t  molluscs,  but  f«nnu!  in  the  earlier  rocks  of 
the  earth  in  iimiiincraMc  multitudes.  'Die  pearly  nautilus  with  its 
beaut  it ul  o>il«i  and  <-ha inhered  shell  is  their  nearest  living  ally. 
1 1  'W  did  Natural  S<  1<  -,-t  i.  .n  all..s\  them  to  beat  one  time  so  numerous, 
and  now  so  few  ?  \Y<  know  of  no  change  of  climate  so  sudden  as  to 
tut  the  animals  ehanging  to  meet  the  new  conditions;  surely 
it  MOM  «r  these  ainm«»mtcs  could  only  be  transplanted  alive  from 
their  fossil  beds  to  modern  waters  they  would  flourish;  and  even 
1 1  some  great  change  swept  many  of  them  out  of  existence,  why  did 
u-'t  some  of  them  escape  to  repeople  the  seas.  If  thry  gradually 
died  off  by  becoming  less  and  less  fertile,  wherein  lay  the  advantages 
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nterian  Collfdion,  University  of  Ultugow.) 

Fio.  176. — Ammonites,  fossilised  ;  the  second  cut  in  section  and  showing  quartz  crystals 

within  the  chambers. 


I-,...   177. 


(Geological  Miueui 
-Ammonites  embedded  in  a  block  of  marble. 


NEED   FOll    I.V^i  n^ 


trimm;  from  «  prim  imi  fry  Mr 
Pio.  170. — A  pearly  nautiluc. 


Flo,  17».— lUle  and  famaU  of  on* 


10 


ur. 
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to  the  race  ?  Is  it  profitable  to  a  race  to  commit  suicide  ?  How 
does  Natural  Selection  explain  an  increasing  sterility  ?  How  does 
it  explain  all  such  tun  us  of  degeneration  "  ? 

So  it  would  seem  that  at  times  tissue  change  falls  short  <>l  (he 
demands  of  Natural  Selection. 


(Lent  fry  the  American  Miufiim  of  Natural  Hittory,  AVir  York.) 
Fio.  180. — A  tusker  mammoth. 


Overshooting. — Consider  the  lilies  of  the  field.  The  colourings  of 
flowers,  the  spottings  on  the  butterfly's  wing,  so  remarkable  that  the 
male  and  the  female  of  the  species  remained  for  many  years  under 
different  names.  The  train  of  the  peacock.  The  enormous  tusks 
of  the  mammoth,  and  the  extravagant  antlers  of  the  Irish  elk.  Were 
all  the  100,000  varieties  of  beetle  absolutely  necessary  ?  Only 
three  varieties  of  the  strawberry  were  known  in  1746  in  France, 
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(Ins   fruit   wa»  early  cultivated;    "at  the  present  day  the 

ties  of  the  several  species  are  ulm..>t   innumerable."     In  India 

are  so  man  1 1,.-  varieties  are  so  distinct 

t  •  •  1 1  if  Eastern  taste,  that  sometimes  the  natives,  even  when  starving. 

have  refused  rice  imported  from  oth«  <-tsv  such  as  Borneo. 


'rfrr  JT.Yatfr,  P JtJB^  if  (AtfllMpMr  CwfinOfm 


Flo.  181.— The  Irwh  elk  ;  displaying  grrnt  mad 
From  A  bog  at  Naul.  County  Dublin. 

uviTsh.M.t  :•  ,irm  ov«  nm.  nt  is  seen  not  only  ID 

excessive  «li\«  i-Mt\    «>t    r. .nn.   hut   in   the  diverse  ways  by  whirh  a 
tissue  attains  an  identical  result  in  action  : — 


'  It    is  a  common   rule  throughout   Nature  that 
•  M<1  sh<*uM  be  gained,  even  sometimes  in  the  case  of  iloseJy 
related  beings,  l>\  the  n  rsifieti  means.     How  differently 

const  met  cd  is  the  feathered  wing  of  a  bird  and  the  membrane- 
i  wing  of  a  bat ;    and  still  more  so  the  four  wings  of 
a  buttcrll).  the  two  wings  of  a  fly,  and  the  two  wings  with 
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the  elytra  of  a  beetle.  Bivalve  shells  are  made  to  open  and 
shut,  but  on  what  a  number  of  patterns  is  the  hinge  con- 
structed, from  I  In-  long  row  of  neatly  intcrlockiiiLT  teeth  in  a 
nnrula  to  the  simple  ligament  of  a  mussel'*  (Darwin,  Origin 
of  Species). 

Or  again,  plants  spread  their  fertilising  pollen-grains  in  <|nit< 
a  variety  of  ways.  Some  simply  by  the  wind.  Others.  like  tin 
flowers,  secrete  nectar,  and  so  attract  insects  to  carry  their  grains. 
The  orchid  even  develops  fertilising  mechanism  of  the  utmost  com- 
plexity, one  even  pouring  water  into  a  bucket  with  a  spout,  attracting 


(  Aftrr  It.  />.  Riehnrdton  and  Charles  Darwin :  6y  ptrmiition  of  John  Murray,  I^ondon.) 

Fio.  182. — Illustrative  of  overshooting.     Old  Irish  pig  with  "  useless  "  jaw  appendages. 

humble-bees  by  means  of  nectar  ridges  to  fall  into  the  bucket,  and 
getting  them  to  climb  out  by  the  overflow  spout,  where  they  rub 
against  the  pollen-grains  and  carry  them  away  on  their  backs. 

Such  a  calculating  intensity  of  tissue  is  not  easy  to  explain.  Of 
course  it  is  possible  that  the  wonderful  mimicry  of  the  walking 
stick  insect  to  a  dry  stick,  or  the  striking  resemblance  of  the  Kallima 
butterfly  and  certain  night-moths  to  a  leaf,  arose  from  the  action 
of  outer  environment  picking  out  each  occasional  and  haphazard 
difference  in  the  direction  of  similarity.  But  this  is  not  easy  to 
believe — the  resemblance  is  too  acute.  Take  Alfred  Russel  Wallace's 
experience  of  the  walking-stick  insect  :— 

44  One  of  these  creatures  obtained  by  myself  in  Borneo 
was  covered  over  wit  h  f<  >liaceous  excrescences  of  a  clear  olive- 
green  colour,  so  as  exactly  to  resemble  a  stick  grown  over 


\i  I:D  FOH 


i  r.i 


< -oping  mo**.    The  Dyak  who  brought  it  to  roe  ASCII  red 
it   was  grown  over  with  mow*  though  alive,  and  it  was 
onl\  ait*  r  a  most  iniiiiit.    rumination  that  I  could  convince 
mys<  It   it    \\as  i H it  so." 

Ifoi  III'     ralriilalui;.'    s.M-ialisin    ••!'   KM  u«  1ft  not   readily 

to  be-  ncd  as  a  mere  selection  ..i  liaj.lia/anl  \an.ti.   .     In  the 


: 


& 


(4/fcr  CAwto  Hvrv 
Fio».  183  and  184.— Two  forms  of  calculating  adaptation  in  planU  for  mting  fliea, 

(1)  The  sundew,  with  a  leaf  and  tentacles  bent  upon  a  captured  insect, 

(2)  The  pitcher-plant,  with  its  leaf -bucket  contrivance  and  inturned  •pikes. 

•  was  observed  by  Mr  Busk,  a  backwoodsnmi         i    \as :  tht-y 

t    tlir  IrliL'tli  "I    planting   l»n  tin-  shrltrr  «»f  thrir  hills. 

Tin-  siK-ial   iiistiiu-t    «•!"  tin-  IMTS  is  also  \\,-||   kno\\n.      Y..II   have  two 

almost  tourlniii;.     Take  a  bee  l»rl««ni:iiii:  t.»  tin-  lirst  and  place 

it  on  tin-  stau-  ^  ••!"  tin-  sr«Miiid  Invr  :    it  ilu-s  insjilc-  in  a  mituitr. 

stnng  to  death.     An   even    nion    Complete  socialism   is 


150 


THE  LIFE  OF  MATTER 


visible  when  between  plant  and  insect;  for  instance,  between  tin- 
candelabra  tree  of  South  America  and  the  Aztec  ant.  The  cande- 
labra trees  carry  leaves  only  at  tlu-ir  tips.  These  leaves  are  menaced 


Fio.  185. — Calculating  mimicry  of  walking-stick  insect  to  stick. 


(lluntrrian.) 


(Hunlerian.) 

FIG.  186. — Mimicry  of  leaf  by  Kallima  butterfly:  four  leaves  and  three  butterflies. 

by  the  leaf-cutting  ants.  To  defeat  these  robbers  the  candelabra 
tree  has  gone  into  partnership  with  another  kind  of  ant,  the  Aztec, 
a  sturdy  fighter.  It  provides  a  home  in  its  hollow-chambered  trunk. 
and  oozes  food  in  the  shape  of  a  brown  sap.  It  even  provides 
little  pits  at  intervals  (E  in  fig.  187),  so  that  the  female  Aztec  may 
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easily  bore  her  way  into  the  interior ;   there  she  lays  her  eggs,  and 

the  wh.»lr  11  •!,.  tree  soon  terms  with  tilting  ants. 

<  what  Darwin  called  the  correla  variability.     \N 

cats  \Mtli  i.l.i.-  eyes  are  usually  deaf.     Polish  fowls  and  tutt«i  ducks 
and  geese  have  a  laiv  -  athcrs  on  their  heads,  associated 

\\it h  u Inch  1 1,,  i r  skulls  an-  p<  rforatcd  by  numerous  holes*  " so  that  a 

pin  can  bedlam  int..  thr  i.iain  \\itliMiii  t  |  any  bor  ven 

KUpJMisr  \  I     thr     tuft      itsrll.     ||OW    doCs     it 

i  mi  the-  correlated  perforation  m  thr  skull  '     A^am.  men  with 
flaring  red  hair  art*  often   singularly   nervous  and  excitable,  and  a 


Kio. 

of  the  leave,  for  feeding  iu  defender,  the  Axteo  ant. 

/.S«pp«pUl».  R  The  aame  magnified. 

i«  \   to  consumption  in  man  is  ..t'tm  correlated  with  the  pre- 

'l«i\vny  hair  upon  thr  hark. 

Thru  thnv  is  thr  rndlrss  coinplrxity  in  the  L'<nn -tissues  of  plants 
and  animals  and  man,  a  mam  ta<  t.-r  m  hr..  .inn:.  t<>r  it  ensures  that 
no  two  organisms  are  ever  alike.  Take  an>  -•  urs  of  plants  and 
..•ils  you  choose;  some  do  not  breed  at  all  (sterility),  others  breed 
badly,  others  breed  well  and  establish  a  fertile  strain  or  line,  like 
Abraham  of  old.  Th<s,  differences  are  out  of  all  relation  to  the 

•ninrnt.  and  th  ire  nut  explained  !»y  it. 

In  man  the  excess  of  furin  would  appear  in  this.     Man  has  a 

vermiform  appendix  nntlammati..n  in  \\hieh  attached 

to  his  great  bowel.      The  apes  have  one  al          \<>w.  if  the  organ 

be  advantageous  to  man  and  the  apes,  why  is  it  absent  from  the 


1.VJ 
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monkeys  ?    And   if  it   be  an   excessive  thing   in  man,   how   does 
Natural  Selection  explain  it  ? 

Truly,  contrasting  the  bare  needs  of  the  environment  with  the 


(After  Charlet  Harv in.} 

FIG.  188.— Polish  tufted  fowl. 


inexhaustible  profusion  of  form  and  excessive  diversity  of  function, 
Nature  seems  nothing  but  a  senseless  spendthrift;  for  Nature 
spends  in  excess  of  selection  value,  spends  with  open  hand. 


(After  William  Lecht.) 
Fio.  189. — The  appendix  of  the  orang  (left)  and  man  (right). 

To  sum  up  the  matter  : 

Sometimes  there  is  an  absence  of  strict  harmony  between  tissue 
and  environment.  Sometimes  the  tissue  falls  short  of  the  needs 
of  the  environment.  Sometimes  the  tissue  runs  in  excess  of  the 
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environment.  IMS  there  does  actually  exist  an  antagonism 

between  tissue  and  «  i»\n..nin«  nt. 

Second  Difficulty  :    The  Origin  of  Tiuue  Form. 

II  -xv  <lnl  tin-  ruduiK  nt  of  an  eye  first  appear?  Was  it  accidental  y 
•  Darum  Imrks  the  «jin-sti..n  :  "  How  a  nerve  comes  to  be 

sensitive  to  light  hardly  concerns  us  mop-  than  how  hie  lUelf 
originated  "  (Origin  of  .s  e  hap. 

Darwin  does  indeed  admit  the  sudden  arrival  <  .nn*  :  — 

I  .ft  us  recall  the  case  gi\.-n  h\    Andr.  \\    Knight  «.f  the 
.11.  .1.1  low  magnum  bonnm   plum,  an 

old  \\ln.-li  has  been  propagated  by  graft  nous 

stocks  for  a  very  lon^  iiijjhout    1  and  North 

America,  and  on  which  a  single  bud  su<l<l<  nly  produced  On- 
red  magnum  hoimm  "  (Origin  of  Specie*). 

"  As  a  single  variet\  «-i   the  chrysanthemum  has  produced 
i.\   I  >u.  is  M\  ..th.  I  es,  and  as  one  variety  of  the  goose- 

berry has  borne  at  the  sam<    tune  i-m  <lMinrt  kin.!*  ..f  fniit, 
it  is  scarcely  possible  to  believe  that  all  th<sc  variations  are 
due  to  reversion.     In  su<  h  cases  as  that  of  tin  moss-rose  tin-p- 
is mi  kn»\\n  natural  species  or  variet  y  In.  m  winch  the  t-hara 
in  .jiKs(i,,n  fiuild   have  been  derived  by  a  cross.      V. 
attribute  all  such  cases  to  the  appearance  of  absolutely  new 
characters  in  the  buds  "  (.Inimul*  ami 


And  lastly  : 

I     \\(    |,i,,k  t«»  such  cases  as  that   ..f  a  peach  tree,  after 

\  ing  been   cultivated   by   tens   <»|    thousands  during  many 

years  m  maiiv  cnnntrics.  and  after  having  annually  produced 

nnlli.Mis  u|*  huds.   all   of  winch   have  apparently   Ix-en  exposed 

is.-|\    th.    same  conditions,  yet  at   last  siiildenly  pPHluct- 

a   single    biul    with    its    whole    fharaetcr    greatly    transformed 

(into  tin    n<ctann<).   \\  .    ar*    *iri\<  n   to  the  conclusion  that    the 

•isfiinnation  stands  in  no  direct    relation  to  the  conditions 

0<  hi.    M  (.|Wi;,m/.v  ami 


Darwin  admits  the  new  anixals.  hut  refuses  to  meet  them: 

\\hat  the  devil  .1.  t.rnunes  each  particular  variation? 
What  makes  a  tnft  of  leathers  o.nie  on  a  cock's  head,  or 
moss  on  a  moss-rose  ?  '* 
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II  n  in  Darwin  is  on  the  horns  of  a  dilemma.  For  if  the  new 
forms  arose  by  external  selection  acting  on  diff«  n -m •< -s  in  plants  and 
animals  "  by  insensible  steps,"  by  slight  deviations  from  the  normal, 
thru  tlusi  differences  could  scarce  be  sufficiently  pronounced  and 
advantageous  for  selection  to  seize  on  ;  conversely,  if  the  differences 
are  marked,  then  these  gains  in  a  new  direction  could  not  immedi- 
ately make  up  for  the  loss  in  an  old  and  stable  one,  and  the  new 
forms  would  be  swamped  and  die  before  even  they  were  fairly  clear 
of  the  threshold. 

\Vhen  the  swim-bladder  of  the   lisli    first  began  to  change  to 


(After  JKeltcay  &  Son,  Somerset,  introducer!  of  the  berry  into  Britain.) 

Fio.  190. — Loganberries,  half  natural  size. 

become  the  lung  of  a  frog,  was  that  one  particular  animal  not  at  a 
disadvantage  as  against  its  unchanging  neighbours  '.' 

The  survival  of  the  fittest  denies  the  arrival  of  the  fittest. 

Third  Difficulty :    The  Retention  of  Tissue  Form. 

What  comes,  stays  steady. 

Wheat. — Upon  this  quality  the  Chinese  Emperor  Khang-hi 
selected  rice  to  ripen  north  of  the  Great  Wall,  proving  of  high  value 
to  the  inhabitants  of  Manchuria. 

And  in  Scotland,  in  the  spring  of  1819,  Patrick  Shirreff  observed 
on  the  farm  of  Mungoswells,  by  Edinburgh,  in  East  Lothian,  a  single 
plant  of  a  deeper  green  and  heavier  in  head  than  the  rest.  He 
destroyed  the  surrounding  plants  to  give  it  space,  and  manured  it 
specially.  After  two  years'  multiplication  it  was  brought  into 
commerce  as  the  famous  Mungoswells  wheat.  Doubtless  in  the 
future  afforestation  of  Scotland  by  its  people  the  same  quality  of 
steady  change  will  be  pursued  in  the  selection  of  the  best  timbers. 

Loganberry. — The  loganberry  is  a  recent  cross  between  the  black- 
berry and  the  raspberry,  which  transmitted  its  characters  true.  It 


M.I.D 


was  produeed  HI  1000  by  Judge  Logan  of  the  U.S.A.,  and  Luther 
lt.,r  .alias  made  thousands  of  such  crates. 

/       /,     ,       In  th.  words  of  Darwin:— 

\\  r  a  roue  appears  with  any  peculiar  character, 

I,,. \\.\-  it   M.  Ms  seed  Mr  K:\-i     fully  expects 

it   to  beCOIlK    tli.    pan  nt   type*  of  tl 


Fio.  191.— TTiejlowbwry,  anothor 
h\  I'rnl  fruit,  IATRCC and  blacker 
than  tho  loganberry  and  IMM 
add  to  the  Uste;  half  natural 


The  Evening  Primrose. — Hugo  do  Vrii-s  found  a  mimlxT  «»i 

\  ;in  plant  «»t  the  i-vrninjr  priinr.-,    m  a  potat..  fit-Id  nrar 

•\MI  "1    llil\«  I--MIII.  l.\    Ainxt.  i.i.tin.  in  Holland.      He  cultivated 

-ni'l   .\.iiniii-  50,000  indiN  idiiaU  ..(   thnn.     He  discovercti  a 

nunil-  THIS  ulnrli   had   III-MT  been  catalogued  in  any  of  the 

•  ks,  and  fmuul  HUM    m-w  forms,   to  which  he  attached 

m-w     naiiu-s.    ll«»\\,-rrd    true    t«»    t\|n-    and     k(|>(    thnr    "\\  n    .  },.u.i,  t .  r . 

d(\iati..ns  than  t  he  ..rdinary  may  be  attained  by  sowing 

i.ux'e  nuinlK-rs  and  l»y  sehftni^  from  among  them  the  extreme 

indi\  iduals  and  sowing  anew  from  their  M  < 
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The  Pea. — The  Austrian  peasant  and  monk  Gregor  Mendel 
tin-  first  to  conduct  an  exact  numerical  inquiry  into  the  effects  of 
crossing  various  types  of  the  common  pea.  Thus  he  crossed  tall 
peas  6  to  7  feet  long  (T)  with  dwarf  peas  (D)  f  to  1 J  feet  long  (parent  s). 
Tlu»  cross-breed  was  a  tall  one,  so  he  called  the  tall  character 
44  dominant,"  the  dwarf  character  "recessive."  These  tall  cross- 
breeds (children)  were  then  allowed  to  fertilise  themselves  :  the 


Walter  Baitton,  Cambridge  University  Prett.) 
FIG.  193.— Gregor  Mendel 

grandchildren  were  mixed  roughly  in  the  proportion  of  three  tall 
to  one  dwarf.  Mendel  found  these  dwarf  forms  bred  onwards  pure 
dwarfs.  A  varying  percentage  of  the  tall  forms  also  bred  on  ;is 
pure  tails  Thus  the  peas  were  found  diverging  in  cultivation 
along  definite  lines,  some  of  which  maintained  the  original  form 
even  after  crossing 

The  Bean. — W.  Johannsen  of  Denmark  weighed  the  seeds  of 
the  kidney-bean,  estimated  the  average  value,  and  the  difference  of 
each  from  that  average- value.  Some  plants  were  nearer  the  average- 
value  of  the  whole  race,  others  more  distinct.  He  isolated  some  of 
these  plant  types,  allowed  each  type  to  propagate  by  self-fertilisation, 
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m<l   .a.-li   plant   IIIM-  I. .i.l  an  average-value  of  iU  own.     The 
of  each  new  line  lay  around  a  new  average- vain.       He  called 
separat'    I  each  showing  a 

H..I.-.I   I.N    (  hartal  Darwin  :    "  Th. -  t.  mi.  •• 

goon  \aiMn-  n>  tii.   lame  matin,  i  in  \\hich  it  has  already  van* 

Bud  Variation*. — Darwin  notes  it  is  "  a  singular  and  inexphc- 

tart     (hat     \\hui    plants    vary    by    l»inls    thr    variatimis. 


1         i         1 


O   - 


..  194.—  Mendel',  crowing  of  the  pea. 

cKcur  with  compar  m  «»rtrn,  or  even  generally. 

.-'!>    pn-n-Mii  and   again.       it    deserves   n..ti«r   that   all 

the  plants  \\hich  have  \  latmns  hav<    likewise  varied 

l\     1  1\     M 

1  1         largos  upon  this  as  follows  :— 

*  Mr    Salt,  r    r«  marks.       I  iu     knows    that    the-    rhii-f 

•  litln-nltN    is  in   l.r.akini:  thr«.iii;li  tin-  «»rivriiia!   form  an.  I  colour 
flu-    sprri-  s.    ;,M.:  \\ill    Ix     ..n    the    l.n.koiit    for  an  V 

natural   sp,,rt.   ntli.r  tVoin   sn-.l   ..r  brunch  :    that    U-ing  once 
"|if  trilling   the   change  may   be,   the   result 

upon    Inn 
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M.  deTonghe,  who  has  had  so  much  raccea  in  raising  new  varieties 
of  pears  and  strawberries,  remarks  with  respect  to  the  former  :— 

Then-  is  another  principle,  namely,  that  the  more  a  type 
has  entered  into  a  state  of  variation,  the  greater  is  its 
tendency  to  continue  doing  so;  and  the  more  it  has  varied 
from  the  original  type,  the  more  it  is  disposed  to  vary  still 
further.  .  .  .  The  most  celebrated  horticulturist  in  France, 
namely,  Vilmorin,  even  maintains  that,  when  any  particular 
variation  is  desired,  the  first  step  is  to  get  the  plant  to  vary 
in  any  manner  whatever,  and  to 
go  on  selecting  the  most  variable 
individuals,  even  though  they  vary 
in  the  wrong  direction ;  for  the 
fixed  character  of  the  species  being 
once  broken,  the  desired  variation 
will,  sooner  or  later,  appear." 

The  Peculiar   Case   of  the  Hamburg 
Hen. — To  quote  Darwin  again  : — 

"A  good  observer  (Mr  Williams) 
states  that  a  first-class  silver- 
spangled  Hamburgh  hen  gradually 
lost  the  most  characteristic  quali- 
ties of  the  breed,  for  the  black 
lacing  to  her  feathers  disappeared, 
and  her  legs  changed  from  the 
leaden  blue  to  white  ;  but  what  makes  the  ease  remarkable 
is.  that  this  tendency  ran  in  the  blood,  for  her  sister  changed 
in  a  similar  but  less  strongly  marked  manner ;  and  chickens 
produced  from  this  latter  hen  were  at  first  almost  pure  white, 
but  on  moulting  acquired  black  colours  and  some  spangled 
feathers  with  almost  obliterated  markings,  so  that  a  new 
variety  arose  in  this  singular  manner." 

Here  we  see  an  extreme  change  holding  its  own. 

Selection  in  Breeding. — For  that  matter  there  is  not  a  breeder  in 
the  country  who  is  not  working  on  the  retention  of  differences  in  this 
way.  Toilet,  after  eight  years  of  selection  from  good  milking  cows 
and  bulls  descended  from  good  milkers,  managed  to  increase  the 
product  of  the  milk  in  the  proportion  of  four  to  three.  This  is  only 
done  in  the  belief  that  such  change  will  hold  good.  Careful  selection 


(After  Charlet  Darwin.) 

Fio.  195. — Hamburg  fowL 
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of  the  silkworm  in  France  during  sixty-five  generations  lessened 
t  IK  proportion  of  yellow  cocoons,  which  do  not  resist  the  fungus  as 
well  as  the  white  ones,  from  100  to  85  in  the  1000.  A  ram-lamb 
was  born  on  the  Mauchamp  farm  in  1828  characterised  by  specially 
long  and  silky  wool.  The  breed  has  bred  true,  and  the  wool  sells 
at  25  per  cent,  above  the  best  merino  wool. 

Sometimes — as  m  1 1,,  case  of  the  monstrous  creatures  which  once 

\vlcd  our  globe — the  new  line  was  so  extreme  as  to  end  in  the 

iplcte  disappearance  of  the  line. 

Nature  sometimes  refuses  to  be  driven  along  a  new  line.     In  the 

ticial  sHeeti..n  of  beets  to  yield  a  higher  percentage  of  sugar, 
according  to  de  Vrics,  "A  lasting  influence  has  not  been  exercised, 
I. ut  tin  improvement  is  still  as  dependent  upon  continuous  selection 
as  it  was  half  a  e-  ago.*' 

Nevertheless  new  forms  can  hold  Arm,  and  their  holding  steady 
plained  by  Natural  Sole. -tK.n. 

So  we  have  these  three  difficulties  against  natural  or  external 
selection : — 

i    The  form-environment  discord. 
2.  The  origin  of  form. 
3    The  retention  of  form. 

They  justify  the  following  admissions  by  Charles  Darwin  and 
August  \\Yisiimnn  themselves,  as  given  in  their  own  \v«.rds  : 

Instances  could  be  given  of  similar  varieties  being  pro- 
duced from  the  same  species  under  external  conditions  of 
ln'«-  as  different  as  can  well  be  conceived;  and,  on  the  other 
hand.  «•!'  dissimilar  varieties  being  produced  under  apparently 
the  same  external  conditions.  Again,  innumerable  instances 
are  known  to  every  naturalist  of  species  keeping  true 

LT  at  all,  although  living  under  the  most  opposite 
el  i  mates.  Such  considerations  as  these  incline  me  to  lay 
less  weight  on  the  direct  action  of  the  surrounding  conditions 
than  on  a  t<  nd< -ney  to  vary,  due  to  causes  of  which  we  are 
quite  ignorant "  (Darwin). 

I  am  convinced  that  natural  selection  has  been  the  most 
important  but  not  the  exclusive  means  of  modification " 
(Darwi 

1  he  nature  of  the  conditions  is  of  subordinate  import- 
ance in  comparison  with  the  nature  of  the  organism  in  detcrmin- 
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( After  //.  P.  Otborn  of  New  York.) 

Fio.  106. — Tyrannoeaurua ;  a  prehistoric  monster  which  doubtless  upset  the  nerves 

of  our  ancestors. 


(Photo,  fry  J.  //.  Leonard.) 
Fio.  107. — Giant  armadillo  :  South  Kensington  Department  of  Natural  History. 

Shell  length,  6i  feet ;  breadth,  3}  feet ;    height,  3|  feet ;  and  along  the  curves  7  feet 

long  by  0  feet  across. 
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ir.i 


ing  each  partirul.u   i..nn  of  variitt  •  rliaps  of  nut  more 

importance  than  tin-  n.it  lie  spark  by  which  a  nuu* 

of  combustible   matter   i*   ignited   has    in    determining   the 
nut  in    ilames'*  (Dar*> 

•ion  is  t  tn. unit   j,,,v.  its  action  abso- 

l.it.  l\  .1.  |M  Ah.it  \\  ice  call  spontaneous 

D        n). 

krhon  does  not  call   forth   tin-  unusual  variation,  hut 
smi|il\    \\..rks   ii|M,ii    it  -the  krriirl   i if  the   n<l«ll<    IH-S  in  the 
\N        maim). 

NVh  in.  -!M  II  .(iff,  n  nt  fniiii  thr  in-\t   .'     \\h\  ?     Why? 


M.I  l:in    STKP 
1)11  I  I  111  N(  I 

Look  up.     See  that  r-xk.  that  tn-«-.  that  shc<  |        \N  ••  grasp  th< m 
by  our  li;i  jfCI   ami   MI*,      NN'«-  think    to  (Miinprrhi-iKl   tlu-in. 

Hut    \.»u  au«l   I  an*  ii"t   stamlini;  just  at   the  same  jxiint.     So  how 


PIG.  108.— A  utmtKht  lino,  and  part  of  the  mine  Has  mapiHIctd  by  the 

can    y.u    ami    I  'ruth    ..f    thrsr    things    when    WC    SCC 

difft  n  ntl\ .     Do  not  our  senses  play  us  false  ?     If  they  are  unfaithful 

in  a  frw  things,  can  they  bcroim   mast,  r  «.f  nian\  things  ?     Draw  a 

Inn     u|H.n    p.,  -u   think   it  straight,  hut   with  a  powerful  glass 

Itfr  apfieaiv  torn  and  jagged  like  thr  cdgr  of  a  saw.     Tin-  lulls 

U 
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opposite  seem  near  at  one  time  and  far  at  another,  though  tin 
distance  remains  actual.  You  were  a  child  once — was  not  the  school 
playground  much  bigger  then  '.'  \Vhen-  is  the  measure  of  reality  '.' 
An-  th«-se  things  hut  the  images  of  our  minds?  Are  they  unreal  ? 
No.  the  thrashing  \\»-  received  as  a  hoy  was  real  enough.  He- 
ise  we  are  prune  to  nurse  optical  illusions,  we  dan-  not  argue 
that  matter  is  n..t  real.  I-W  Wt  are  not  the  slaVCfl  of  OUT  Senses, 
We  can  n-ly  also  on  instinct  and  reason  and  calculation  :  for  install. •«  . 
u<  can,  if  we  will,  measure  tin  alx>\  <  optical  illusion  and  find  it  false. 
An  infant  forms  a  view  of  its  niotli.r  when  it  first  opens  its  , 
upon  her.  hut  it  does  not  see  her.  for  it  fails  to  recognise  her  again, 
often  much  to  the  mother's  annoyance;  it  has  to  look  once,  tu 


In;.  199. — An  optical  illusion  or  eye  deceit.      Both  lines  are  of  identical  !•  n^th. 

thrice,  and  repeatedly  before  it  builds  up  its  views  into  a  recognition 
of  her.  And  just  as  a  child  clambers  on  its  sensations  of  its  mother 
to  understand  her.  so  \vc  proceed  from  our  views  of  external  thin-js 
to  reason  out  differences  between  these  things.  And  if  then-  he  a 
large  enough  number  of  people,  and  the  average  man  or  woman  of 
them,  after  seeing  and  si/ing  up  two  things,  concludes  a  difference 
to  exist  between  them — for  instance,  between  a  skein  of  red  wool 
and  a  skein  of  black  wool — then  we  affirm  the  difference  to  be  real 
and  just.  Some  people  are  as  colour-blind  as  a  photographic  plate, 
and  cannot  distinguish  red  as  red,  or  black  as  black. 

Yet  the  average  view  is  the  right  one.     And  if  we  are  to  think 
at  all,  we  have  to  take  the  following  as  t  rue  in  practice  :— 

"Average   diffi  r<  nces   in   human   sight   of  external    //////i'.v 
suggest  real  differences  within  these  things." 

The  miner  coining  off  his  eight-hour  shift    recognises  the  reality 
of  dust.     Let  us  seek  to  begin  life  also  at  the  face. 
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i  inn  OTEP. 
Mil     I  l.i  IDM  ?  OP  1  I 


Tins    is    ailimtti  «llv    ail   ajwerti'-n.    wliu-li    it    is    pro|»isr<l    i...t    t» 
•i.l. 
Siillir.    t..  !-  mark  it  Wftft  based  On  Obtrn  ati«.n  i.-s  of  tissue* 

til.      r..||..\\ir 

I     -sf.   aalaiiiamlf  i  .    \-  I-  .    |..ni"t.    Imt.    hedge- 

li-'^r     him.  inn.  .11.    rat.    \\allal>\.   .at.    jni|»|.\  umiikcx. 

in.  in.  lull  ;    rliil.ln-n   I'min  inulci  .tr  up  t«.  r<iiirti-ni   \ 

ami  adult   MI.  ii  ami  \\»IIK  n. 


200.— The  walla ».\  ..t  Aiutirmli*. 

Hut   \»MI  i  iii  .tln-r  NMth  IHT  littli-  lulls    hll«.\\   haiiu'injf  at 

N  its  legs  arc  Iwnt    an. I    l»ami\.   IIK  jurt- 

1'iultr    its    \\riulit     its    IMHICS    ha\(     \n-lili-.l.      Oi     t..    }»ut    tlu- 

point   aiiiitht-r  way.  tin  \    ha\  !«•«!   1'nnii  th«    natural  shape  into 

a  (-in  ,  a.s  jc-Hy   moulds  itsrll   t..  tin    f(inn  «»f  a 

can.     Bones  arc*  just   s. .it    •  tiff.  c.. I   up   \\ith   luur.  and  on 

tin  ir  tirst   appciiraiicr   m   tin    infant   arc  easily    IM  n«lal»N  .   like  putty 


Kit 
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or  modelling  clay  ;    the  bones  are  fixed  with  lime  just  as  a  photo- 
graph is  fixed  with  "  hypo." 

Bones  change  according  to  the  exercise  they  get.  If  you  ever 
had  teeth  extracted  and  a  dental  plate  fitted  you  will  know  how 
tin-  jaw  changes  its  shape  after  extraction  of  the  teeth.  The 
C'hinese  were  wont  to  bandage  the  feet  of  their  growing  girls  tightly, 
and  the  bones  moulded  thenis<  l\< -s  together  and  became  cramped 


•rhe.) 

Fio.  201. — A  marsupial — the  kangaroo— with  a  youngster  in  its  pouch. 

and  dwarfed  and  deformed  in  consequence  ;    a  condition  not  wholly 
absent  from  our  modern  society. 

The  Frenchman  Sedillot  cut  out  part  of  the  shin-bone  from 
the  leg  of  a  young  dog,  and  found  afterwards  that  the  splint-bone, 
which  is  usually  only  a  fifth  or  a  sixth  the  thickness  of  the  other. 
had  enlarged  to  bear  the  unwonted  weight  until  it  became  as  thick 
as  the  shin-bone  would  have  been  if  it  had  been  left  in  place. 
And  as  early  as  1789  Duhamel  found  that  when  a  silver  ring  is 
tied  round  a  young  growing  bone  it  gets  covered  in,  just  as  the 
wire  of  a  fence  gets  overgrown  by  a  tree,  and  finally  comes  to 
lie  loose  in  the  marrow  cavity. 


Klo.  103,— Illurtrmting  th»  |ihmioiljf  of  boo*. 


166  'III!.    I.IKE  OF  MATT1  1. 

In   the   thigh   bone  of  a  man   (shown  in  fig.  204),  we  see  thr 

two   rixlx   of    the    hour    have-    liralrd    and    glued    together,    aft (i-   our 


(Ilnntertan.) 

IK;.  205.— The  fluidity  of  bone. 

A  healing  cross-break  of  the  splint-bone. 
how  the  bone  has  sealed  up  the 
shaft  outside  and  in. 


Flo.  204. — The  fluidity  of  bone. 

A  badly-healed  break  near  the  middle  of  the 
thigh  bone. 

end  had  ridden  over  the  other,  by  the  bone   melting  and  fusing 
the  two  ends  together  as  well  as  it  could. 


I  in     I  I  i  ihll  V  Ol     I  ISSl  I 


1.7 


Hut    ii    I... ii.-   !»<•  a   il-.uiM-j   tlnn^,   still  nr   muscle*. 

at     tl.  •  •tnii:     fi  .t     «.f    the 

111.    \\itli    tin     l,ir.-|.s    it.    In. nt     l.ut    yrailuallx     H..WH,,.    ,,ff    ,,11 


.  f. 


200.—  The»  biceps  of  a  roan**  left  arm  flowing  eontiiiu»uiU\ 
•urrounding  tiMues. 


rarh    sj.lr    int<>    tli«-   surrinimliiii,'   tissii,-s.      It    is  a   hit    arm.   and   thr 
two  t«  n.|..i»s  ,•!'  tin   hii-rpsare  stn»n  ninnin^  upwards  side  !>;. 

I'   ihaps   tin-    illustration    uill    surer,  .  I    iM-tt.-r   tluill   MM 
planati.iu  t..  show  what  the  tluiditx  "t  tisMi.    means. 


KIM 
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SIXTH  STEP. 
i  ONTINUOUS   ONENESS   OF   NATURE   AND    MAN 

Oneness. 

K  in  it  the  sea  gloriously  one  and  continuous?  A  liner  at  sea 
seven  miles  away  across  the  Firth  <>f  Clyde — a  heave  from  ship  t«. 
shore — a  wave  falls  and  drenches  our  feet.  Has  that  wave  travel  !<•<  I 
those  seven  miles?  No,  but  rather  a  heave  upon  a  continuous 
wife 

Michael  Faraday  sprinkled  iron  filings  on  a  card.  IK  Id  it  over 
a  magnet,  and  the  filings  fell  into  definite  lines,  though  they  were 


FIG.  207. 


-A  magnet  inducing  a  block  of  soft  iron  to  attract  iron  filings  to  it 
through  "  space." 


separated  from  the  magnet  by  the  card.  The  magnet  speaks  through 
space  to  the  filings.  The  magnet  and  the  filings  are  continuous. 

Or  one  ship  signals  to  another  without  a  wire. 

Or  the  Italian  Giulio  Ulivi  succeeds  in  exploding  chemicals 
sunk  in  the  bed  of  the  river  Arno  "  by  wireless  "  from  a  tower  in 
Florence. 

And  there  are  many  more. 

The  same  in  man.  Man  is  not  a  house  built  of  bricks  joined  by 
connecting  cement,  but  like  the  ivy  growing  on  its  wall.  He  is  not 
a  system  of  seven  distinct  separate  parts :  skin,  muscle,  bone, 
nerve,  blood,  digestive-tissue,  gland-tissue. 


i  iVI  l\l  i)K    N  \TI  I  I)    MAN       H 


elL 

.-r.  ur\ 


<  OBftfouitj  . 


«u|. 

oofl  (My  Britain). 
ond  coil  (my  America). 

,     ,  •    • 


Aft  I tu IK  «*  the  primary  dm 

•toy*  irteedy.     But  each 

ttion  jerk*,  with 


lit.  on  left.  I*  complete,  the  needle  of  the 
time  you  lift  a  wire  out  of  the  mercury  the 
i  a  momentary  deflection  of  the  maipuHn  nt 


In  i  hi-  th.   m  |.ulw»  trnvrU  only  a  fthort  way.  from  PC  to  8C. 
itiun  to  America,  and  the  mm  wii 


million  mile*,  which  again  u  a  abort 


Hut  Marconi 
iU  light  daily  to  earth 

from  mrth  to  the 


I  i... 


of  the  heavem:  mm  to  moon  to 
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He  is  rather  likr  the  rainbow  :   r« •<!.  .,rai>«:<-.  yrllow,  green,  blue, 


.  flraham  Kerr,  in  the  "  Proceeding*  of  the  Royal  Society  of  Edinburgh.") 
Fio.  210. — Illustrating  continuity. 

Mi«  roacopic  section  of  young  lung-fish,  Lepidosiren.  The  early  spinal  cord  (*.<-.)  and 
th«-  oarly  muscle  (tn.)  are  seen  withdrawing  apart,  leaving  a  communication  <.r  n.  i  \  ••• 
(».)  between  them. 


Fio.  211. — The  human  body:  discontinuity  v.  continuity. 

indigo,   violet,  each   part  and  colour  distinct  in   itself,   each   part 
and  colour  blending  into,  running  into,  becoming,  the  next  one. 
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>i:\  KYI  H  >n:i- 

hi  1  IM'I  ION 
//         //•  urf  we  come? 


T  alluding  to  tin-  .%/*i/i/  in  \\hich  un|uir>    mas    IM-  uiuli  rtakt  -n, 
WC   note    l.nelK     tin-    a  «///    to    search.      Thi-n    ITU  nt  ,  ti  .,| 

MIIII;    m.|mr\     int.  .tin     |..imdat  !•  rn    h«  h«  I.    tin-    th< 

\t..nis.    ami  DarxNH  .ml    SrlrctHHi.       \\  • 

there  dise..\  ei    that    thing*  are   dlfl'  'ii   each   nthi-r.       Ami    a 

HIM  sti-:iti-.ii     .-I     KMBM    j>'.  nits    «>r    tliff'  in     annuals     ami    i. 

tin     .li-tails    ..t     uln  net     st.,1  .  in.    it     is    e«.liclu<le<l     that 

tissue  IK  a  solitl-JInid  akin    t«.    \\al.i        \\  •     altO   «le«luce    that    tissin. 
lik«  is  of  a  continuous  substance   in   chara< 

us  iio\\    proceed  to  a  still  closer  ini|iiiry   into  th«    (jiialit 
tliff-  'i    Nature.      And    Ixl-.n    .nt.iniL'    up«»n   an  observation   of 

exnleiit    in   man.  let    us   first    e..r»sider  and   illustrate  the 
terms  \\«-  max    UM  Hilly  eni|»l 

\\  M.IS  an-  set  labels.     v  N  t..  enmesh  unwary 

flies.       N  itl.al.   as    Kpietetus  th«-  Cireek  olMCTVCS  :— 

shall    tirst    estahlish    what    is    a    measure    and 
\\hat    is  a    l.alanee.    li..\\    shall    \ve   be   able   t«.   n. 

anything  ?  " 

The  ^ard.ner  .Iocs  n..t  delve  \\ith  his  hands. 

S    nplf  Words. 

I        t|\  .  then,  a  "  difference  "  is  not  identical  \\ith  a  "  change.*' 
A  Dif:  s  a  difference. 

\  (  hunge  is  a  change. 


Flo.  212.— Ilhurtnutag  Cluuige  and  Dtthraoee  of  •  pUnfa  growth  (X Y)  in  tin* 

I       see.  that  seedling  changes  into  a  plant  :    there  is  a  difference 
the  condition      seedling*'  and   the  condition  "plant."    In 
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this  figure — let  the  stalk  growing  from  the  period  A  begin  to  sprout 
into  leaves  at  the  point  B  in  time,  so  that  at  the  point  C  in  time 
a  difference  from  B  is  become  apparent.  But  the  degree  of  spread  of 
the  leaves  in  the  plant  at  C  is  the  measure  not  of  the  ability  of  the 
plant  to  change  at  C,  but  of  its  previous  capacity  to  change  at  B, 
or  even  earlier;  between  A  and  B  "  seedling  "  differs  from  "  plant." 
"seedling"  changes  into  "  plant."  Such  is  obvious,  but  the  obvious 
things,  the  thing  right  under  our  noses,  we  miss  often. 

Or  take  the  Cotton— Mill— Shirt. 

The  shirt  follows  on  changes  within  the  mill,  and  so  at  last 
becomes  other  and  different  from  the  raw  material,  the  cotton. 


Let  us  proceed  to  some  aspects  of  difference  in  man.     Take  <>n< 
hundred    men   and    women   and    measure   their   height   of  statnn-. 
Assuming  the  hundred  you  select  to  range  from  5  feet  4  inches  to 
6  feet  2  inches,  you  can  divide  them  into  five  set  classes  :— 

(1)  5  feet    4  inches     to     5  feet    6  inches. 

(2)  5     „      6       ..         .,      5     „      8       „ 
(8)     5     „       8       „         „      5     „    10 

(4)  5     „     10       „         „      6     „ 

(5)  6     „  „          „      6     „      2       „ 

The  middle  group  (8)  contains  the  largest  number  of  people,  the 
end  groups  (1)  and  (5),  with  the  shortest  and  tallest,  contain  fewer 
numbers.  You  can,  if  you  like,  plot  this  on  paper  to  the  eye  by 


Fio.  213. — The  reader  may  here  pencil  in  a  diagram  of  five  columns,  each  representing 
his  idea  of  the  heights  of  100  men — ranging  in  height  from  5  feet  4  inches  to 
6  feet  2  inches. 

drawing  a  base  line  in  five  equal  parts  and  representing  the  number 
of  men  by  erect  columns  thereon. 

Connect  up  the  upper  corners  of  the  columns,  and  you  may 
secure  a  fan-shaped  curve. 

A  man  or  a  woman  grows  from  infancy  to  stature  either  within 
such  a  centre  column  or  within  such  an  end  column.  Words  are 
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•IT.-  things,  but  on  the  whole  man  take*  the  Ix-nt  «  it  her  towards 

centre  or  towards  the  end.     For  the  moment  1<  t   us  call  these 

b.-nt  -    //"Id  and   Divergence.      He   of   5    feet   9   inches   illus- 

trate* 11"!'  I.  they  of  5  feet  4  inches  and  6  feet  2  inches  illustrate 

Di  wrgence. 

A  few  i  stance*  mil.  .1  ii-.m  •  !•  m.-nt  and  plant  and  animal 

may  be  added. 


I    on  tin-  statin,    of  a  large  number  of  fathers  and  sons  l> 
measured,  it   was  found  t!  e«  averaging  7'.'  meh«-s  in  In  i^ht 

had  sons  ..t  Mn  average  stature  of  70-8  inches,  wink  fathers  with 

•  aL"    li.  iL-lit  of  66  inches  gave  sons  averaging  68-8  inches.     Tins 
tendency    towanls  an  average  \alu«    is  a  H<>ld  towards  the  average 

middle. 

2.  (.rams  of  eon)  e..mniL'  ii-in  tin-  iniiiiiiiiy-cases  in  the  Pyramids 

ha\  'r,l    .  .n    hcilitf    sown       this    ;,'  thousands 

I  the-  water-flea  have  been  kept   in  dry  mini 

•nd  have  been  I'MIIIM!  alive  at  tin    end  «»f  it.      A  similar 
lni;h    dc^re.  II  >l'l    ma\    also  be  set-n   in   man;    thus  a  man  has 

walked  half  a   milr  and   lived  t<n  In-  _j  fractured  his 

sktill.  l»n»ki-n   t.  n   ril>s,  and   burst  open   his  spleen  and  kidney  in  a 
fall. 

8.  Or  again,  the  Adam's  laburnum  bl«>ss.,ms  at  one  part  of  the 
into    \ell..\\  like   the   eommnii    laburnum,    at   another 

int..    j.iiij.l.    |1,.  \\ei-s    like  tin-  purple  laburnum  ]  uilf  of  a  bunch 

max    be   \tll..\\    and  the  other   half  purple:    and  Charles  Darwin   • 
"bserved  a   single  flower  dmd.-d   into  halves,  one    side    bright   yellow 
and  the  other  purple.      Hold  of  rhara.  hi^h  dt-^jree  n. 

seen    in    experimental    "<»rk.      \Viiu-kler    .Lfraft«-d    the    nightshade 
^     \innm  ril^nim)  on  to  the  toinat  .  •  i  \/»///;m;/i  /f/CO/NT»trum).  alld   fnun 

f  the  fusion  surfaces  obtained  sh»ots  that  bore  the  dark  green 
,ves  of  the  nightshade  on  the  01  and  the  light  green  tomato 

,ves  upon  the  other  (fig.  214).       Kach  plant  kej.t  its  own  quality 

I         -1-        ;      sents  four  young  rats,  all  of  one  litter,  bred  from 
parents  (1)  pure  \\hite.    -j    black  and  "hit-       I!     <>  we  see  a  H"l,l 

IPO  .letinite  hues.  t\\o  b«  m,r  pure  albino  with  pink  • 
and   t\\o   b.-mi:   blaek  and  white  with  jrt    black   eyes.     One    littrr. 
II  :  \    Hi*ld  to  t  \  |H    is  i  i  upon  b\  Charles  Danvin  : 

•  I   ni.i\    L'i\  thet  instance  on  the  authoritx    ..f  Mr  H. 

\\'alk<-r.  a  large  cattle-bre«-d(  r  m  Kincardin-  I!- 
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a  black  bull  the  s. ,n  ..fa  Mack  cow  with  white  1<  os,  white  belly, 


'..r.l.ii,,  <i,,,l  Krllogg.) 
115.      ll«lil   in   nisi-    ..f    appl. 


l>rij:ht   i«-«l  HM<|   *<>ur.  «>th«-r  half  yc 
\i-llo\\    an.  I    >\\iM-t  ;     not.-    tin-    slinrp    linr| 
I  .-t  \\  .-.-n  tin-in. 


.  ntklrr  and  Oicar  llerttrif.) 

I  I       Fu-i..n  -rafting  of  nightshade 
and  tomato. 


(1'hoto  fry  ,s'.  riuylatul, 

216.— A  mngle  litter  of  young  rate  :  two  albino  eyed,  two  jet  eyed. 

and  part  of  the  tail  white,  and  in  1870  a  calf,  the  gr.-gr.-^r.- 
^•andchild    of  this   cow,   was    born    c.,|,,im-d    in    the  same 
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IT       \\  iM  «  .itjlf  in  ( 'hilli'r.'liain  I'ark.  Northuml" 


i  mi  1 1,  in  CharlJey  Park.  Suflonfahiro :  Ml  and  cow. 
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very  peculiar  manner,  all  the  intermediate  offspring  having 
been  black." 

The  famous  white  wild  cattle  of  Chillingham,  in  Northumberland, 
are  said  not  to  have  varied  much  since  the  thirteenth  century. 

II  M  may  occur  even  within  one  individual;  thus  a  bullfinch 
has  been  described,  one  half  male  holding  the  red  Lathers  of  the 

x.  the  other  halt  female  with  the  brown  feathers  of  the  hen. 

H  reditary  Hold  is  seen  also  in  mankind.  The  child  loses  its 
milk  teeth  as  did  its  parents.  Like  twins  may  bear  such  a  close 
resemblance  to  each  other  both  in  form  and  mental  constitution 
that  even  their  handwriting  is  alike.  Tendencies  to  consumption 
and  mental  instability  run  in  families.  In  several  individuals  of  one 
human  family  two  pits  were  found  on  the  lower  lip,  this  condition 
hcin«r  inherited  and  in  every  case  associated  with  cleft  palate.  Again. 
the  woman  is  generally  credited  with  more  of  Hold  than  Divergence  ; 
harc-hj).  deft  palate,  club-foot,  extra  fingers,  colour-blindness, 
bleeder's  disease  being  stated  to  be  commoner  in  the  male. 

\.  Fountain  pens  are  often  tipped  with  iridium,  because  that 
metal  is  peculiarly  hard.  It  forms  one  of  three  metals  very  similar 
in  character,  called  osmium,  iridium,  and  platinum.  For  one  thing, 
they  do  not  fuse  readily.  When  iron  boils  in  the  furnace  like  water, 
platinum  remains  like  Shadrach,  Meschech,  and  Abednego,  apparently 
unscathed.  Referring  back  to  the  list  of  elements  on  page  8,  wt 
their  comparative  weights  as  : 

Osmium  ......     191 

Iridium  ......      103 

Platinum          ...... 


II   re  we  observe  three  different  elements  to  manifest  a  elos<    «|, 
of  M  Hold  "  in  respect  of  weight. 

Divergence. 

1.  A  purple  plum  suddenly  bears  yellow  fruit.  A  nectarine 
suddenly  appears  on  a  peach  tree,  which  has  never,  so  far  as  known. 
borne  nectarines  before.  The  peach  is  said  to  be  the  modified 
descent  of  the  almond.  A  double-flowered  almond  is  cited  as  produc- 
ing almonds  for  some  years,  then  suddenly  bearing  for  two  years  in 
succession  spherical  fleshy  peach-like  fruits,  finally  produein 
almonds  again.  Or  the  gall  insect  introduces  a  minute  drop  of  the 
secreted  poison  into  the  leaf  of  the  oak  or  willow,  and  forthwith  the 
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Flo.  219.—  Peach  stone*  (above)  and  almond  stone*  (below). 


220, — Oak 


12 


r0/  //UK*,  /n^arf  mm/ .  ftouth  Jtriwifytoii.)  222. — Divergence  in  orange  :  1 1 ,  . 

J_'l.      Divergence    in    apple:    Natural  markings  of  th<-  lit hs  affect  even 

History  De|)j>  mt't..!..  th«-  >kin. 


South  Krnxingfon.) 


Fio.  223. — Divergence  in  mouse. 


(After  Waller  Bateton.) 

Fio.  224.— Rhythmical  Divergence  in  tusk  of  Indian  elephant. 


I.I  I 


17'. 


Ihfl  rjjrs  int..  Id.  -rail,  a  little  hard  lx-rrv  ii|»,n 

<  h  a  motile  may  grow  a  fi--: 

I'  nay    be   regular   <»r    in    ..i.l.  ily   sequence; 

ins'  s<  «|u<  nee  ..!  rings  on  an  <  l<  i»liant\  tusk. 


/If  Iff  ro*r1ny  •/  Jmmft 

calf  of  the  Dexter- Kerry  bread. 


(Af*r  Jmm*»  F.  GrmmtU.  Imitvftttf^l 

.'6. — A  MM -trout  8ianM«t<  t\»m. 


LM    istrosity   is   hut    a   linthn   divergence.     Thus  a  fish  may 
: is  or  an  extra  tail ;  a  har<   s.i. -I i  long  front  tcetli  that  it 
cannot  ml.1.1.  .      \  child  may  be  l»«-m  \Mthmit  a  brain  or  with  extra 
lingers.     The  united  Siamese  twit  many  N|*»rts  or 

freaks. 


ISO 
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8.  Divergence  on  crossing.     Instance,  the  classical  case  in  pigeons 
by   Darwin.     II-    «  rossed   a   mongrel   barb-fantail  (black   pigeon  > 
white  pigeon)  with  a  mongrel  barb-spot  (black  pigeon  x  white  and  ml 
pigeon),  and  the  upshot  was  "a  bird  of  as  beautiful  a  blue  colour. 


(By  Andrew  Wilton. 

Fios.  227,  228,  229. — Fantail,  barb,  and  common  rock  pigeons. 

with  the  white  loins,  double  black  wing-bar,  and  barred  and  white- 
edged  tail-feathers  as  any  wild   nuk   pigeon."*     On  the  contrary, 

•  Amplified  in  Animals  and  Plants,  vol.  ii.  p.  200: — "I  paired  a  mongrel 
female  barb-fantail  with  a  mongrel  male  barb-spot ;  neither  of  which  mongrels 
had  the  least  blue  about  them.  Let  it  be  remembered  that  blue  barbs  are  ex- 
cessively rare;  that  spots,  as  has  been  already  stated,  were  perfectly  charac- 
terised in  the  year  1676,  and  bred  perfectly  true;  this  likewise  is  the  case  with 
white  fan  tails,  so  much  so  that  I  have  never  heard  of  white  fan  tails  throwing 
any  other  colour.  Nevertheless  the  offspring  from  the  above  two  mongrels  was 
of  exactly  the  same  blue  tint  as  that  of  the  wild  rock  pigeon  from  the  Shetland 
Islands  over  the  whole  back  and  wings ;  the  double  black  wing-bars  were  equally 
conspicuous." 
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Divergence  on  erasing  may  show  iUelf  as  a  blending  of  two  parent 
types  to  give  an  intermediate  form  ;  compare  the  cross  figured 
between  the  ring-pheasant  and  the  silver-pheasant. 

4.  The  elements  chl-m,.  .  bromine,  and  iodine — the  first  a  yellow 
gas,  the  second  a  brown  Ii«|m«l,  th«    tlnni  a  purple  solid — are  strife  - 


Rio.  230. — Ring-phe«MuU,  mlver-phc«MuU,  and  crom  (in  middle). 

ty   similar  in  chemical  character.     Yet    thtir  estimated   weights 
very  different  :— 

Chlorine  .         .         .       85-5 

Bromine  .          -          -       80-0 

Iodine  .     127-0 

1 1  re  we  have  alh«l  <  1<  m<  nts  manifesting  a  high  degree  of  Divergence 
in  respect  <>  •  :    th.-  Divergence  is  very  equal  in  this  case,  f<>r 

it  we  take  the  sum  of  chlorine  and  iodine,  162,  and  divide  by  2,  the 
result  is  HI.  u  In.  ,  near  the  actual  weight  of  hroinin*-. 

These  two  terms,  Hold  and  Divergence,  possess  no  absolute  worth. 
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A  weak  Hold  and  a  mild  Divergence  are  much  tin  same.  But  tin 
tr rms  an-  handy.  For  example,  if  a  growing  plant  be  kept  constantly 
agitated  by  keeping  it  <m  tin-  move,  its  growth  is  lirst  retarded, 
but  afterwards  accelerated.  Here  we  have  (1)  a  Hold,  (2)  a 
Divergence. 

Or  again,  if  eggs  of  the  sea-urchin  be  treated  with  water  free  of 
lime,  or  with  water  containing  salts  of  soda,  potash,  and  magnesia. 


( After  JncqwM  Loeb.) 

KM..  J.'U.      Twin  formation  in  t  he  sea  urchin. 
In  dilute  sea-water  the  fertilised  egg  bursts,  and  a  part" of  the  contents  flows  out. 

they  tend  to  give  rise  to  twins.  But  they  can  still  be  induced,  just 
when  they  are  splitting  into  two,  to  heal  up  completely  and  d< -v< -|.»|» 
into  a  single  sea-urchin.  This  is  conveniently  d<  srrilx-d  as  (1)  a 
Hold,  (2)  a  Divergence. 

Ami  iii  the  case  of  even  such  an  elemental  body  as  water,  it 
holds  just  before  it  diverges  into  steam.  Spill  a  few  drops  from  your 
breakfast  cup  on  to  that  modern  superfluity,  the  aluminium  heat- 
ing-plate. The  drops  immediately  roll  themsdvrs  into  little  round 
balls,  and  run  around  on  the  plate  just  like  quicksilver,  till  they 
gradually  sizzle  away  into  steam. 


MOT     HMt  VtRV      MOT 

Fio.  232. — Divergence  and  Hold  in  the  case  of  water  on  an  aluminium  plate. 

( 1 )  To  steam  on  the  warm  plate. 

(2)  To  water  balls  on  the  hot  plate. 

Yon  may  object  :  These  two  terms.  Hold  and  Divergence,  are 
of  too  0,-nrral  a  nature.  Cannot  they  be  expressed  by  way  <•! 
numbers  ? 

Yes,  that  can  be  attempted,  although  it  is  not  really  possihlr 


1. 1. 1  INITION 


LSI 


to  state  an  idea  in  numerals.     Numbers  are  useful  m  ti,. 

es,  and  *omc  men  and  women  are  partial  to  them  for 
tli'-  sake  of  clearness. 

I  <  eed  in;-  .  thrret,.n  .     l.i-t  .is  \\.i-h  ten  hen*s  eggs, 

tin-  deemial  system,  as  it  is  the  easiest  !••  \\ork. 

I  a  httl.  .'Jl    mi  1,. 

es,  100  centimetres,  and  1000  millimetres. 


Tin-  lit 
The  yram 


f 

.mi 

1     ll' 


•  a  cube  of  ,',,  metre. 

.  njht    of  •  r   taken  at 

a     set    ten  and     set     atmospheric 

pressure. 

Drains  of  Kn^lish  weight. 
uds 

lilts 

Well.  (Inn.  tin-   u.  i-lits  ,,i'  ..in    i,  -ii  eggs  are:  60  grams,  61  grams, 

62  grams,  68  grams,  r.i  grams,  • 

66  grams.  r,7  grams,  68  grams,  and  69 

grains.     Each  egg  differs  from  tin-  nr\t 

tli«  figure  one. 

ten  it  is  the  average-figure  which 
is  taken  to  estimate-  tin-  degree  o  i  diff.  r- 
ence  ;  in  tin-  tei  I,  6,  8,  10,  the 

figures  2  ami  in  an-  .  aeh  paratcd  fn-m 
th<  average-figure  6  by  a  «hff«  n-ncc  of  4. 
I  Age  is  nhtaiiM-ii  hy  summing  up 

all  tin-  figures  of  a  series  of  units  and 
•  iixi.lmi:  !•>  th«  inimlii-r  d  units.  In 
tlit-  cas,  ,,|  ..up  ru^s  (|,  is  xv.u-ks  ..ut  at 
*!^=64-5.  To  find  the  difference  in 
'it  of  each  egg  from  this  tin-  average- 

figure  —  a  **  mean  "  it   is  often  called—  FIO.  233.—  A  h»'«  «•*. 

we  subtract  64-5  from  each   number  in 

•  1  secure  the  following:   4*5,  8-5,  2-5,  1-5,  -5,  -5,  !-.*> 
8-5,  4-5.     Adding  up  these    numbers  gives  a  total  difference-number 
of  25.      Divid,    this  l,\   the  number  of  units.  10,  and  we  ex; 
t"tal    .lit'  ii    t,  mis    ,,f   the    number    of    units.      In    this    series 

this  ma\    |,  i   as  the  difl  f  the  weights 

of  this  series  ««r  t,  n  hen's  eggs. 

Now  take  another  series  altogether,  the  length  «»f  ten  mealworms, 
as    m    fig.    28L    thus:    -j-j    millimetres.  -.»:i    mm..   21    mm..  '.» 
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26  mm.,  27  mm.,  28  mm.,  29  mm.,  80  nun..  :$l  nun.  The  average- 
figure  in  this  case  is  20-5.  Here  also,  as  in  the  ten  eggs,  the  total 
difference  from  the  average  is  25,  and  as  there  are  ten  units,  the 
expression  of  the  total  difference  in  terms  of  the  units  also 
amounts  to  f$=2-5. 

But  it  strikes  us  at  once  that  as  the  average-figure  was  64  ~>  in 
the  egg  series  and  26-5  in  the  mealworm  series,  the  difference  m  the 


Ki...  iM-J.      'Hi*-  in<-h.  flu-  (•••iitimotro,  nml  the  mealworm. 

mealworm  series  is  really  greater  than  in  the  egg  scries  ;  in  other 
"  •  >rds,  gg^  is  greater  than  —^  •  The  question  at  once  arises.   Il<»w 

can  we  compare  the  difference  of  the  egg  series  with  that  of  the 
meal  we. mi  series  ? 

It  two  pendulums  are  each  swinging  at  the  same  distance,  tin 
shorter  will  be  really  swinging  out  farther  than  the  larger  one  ;  and 
el.-arly.  to  estimate  the  real  swing  of  each  from  the  mid-line,  we 
must  take  account  «>f  the  length  of  each  pendulum.  Similarly,  in 
«  ^timating  the  difference  or  spread  of  a  series  from  the  average-figure 
we  have  to  take  account  of  the  size  of  the  average-figure.  So  to 
compare  the  difference  of  the  egg  series  with  that  of  the  mealworm 
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series,  we  shall  express  in  each  case  the  average  difference  from  the 
mean-figure  in  t  the  mean-figure,  thus  :— 

£^  in  the  egg  series, 

and  '.  m  the  mealworm  scries, 

_• > . > 

l.\   inultiplx  in-;  i.\    UK)  we  can  now  reduce  these  two  quantities 

to  CM.  m  :  us  ;     t  liUS  :— 

•    , 

100  ••SO 

ti4  :. 

• 

In  Aords.    tin-    final    dif  ire    for   th.     lengths    of   the 

mealworms  works    out    more   than  double   that   for  th.    u<  ight*  of 

Tli  ff.  rence-figure  of  one  series,  in  respect  of  the  quality 

m  be  compared   with  the  difference-figure  in  respect 
the   qualit)    <•!'  length.    h\    stating   the   total   difference   of  each  series 
m  t.  nns  ot   the  average-figure  of  that  series.     Other 

j»ared.     Of  course  10  units  are  far  too  few  on  which  to  d<  • 
mine  a  figure  of  difference  ;    KM)  units  would  be  better  ;    1000  units 
still  l.«  (  ud  so  on.     But  we  need  not  worry  about  that  for  tin 

moment  \\hen  we  are  entering  only  on  the  principle  involved. 

l)i<  figures  can  be  represented  pictorially.     In  one  series 

•joo  lu-n's  eggs  th.    \\ eights  \\ «rc  found  to  range  from  48  grams 
to  7t;  Drains,  as  follows  : 


48:  1 
U»  :  n 

50  :  1 

51  :  5 
.V.'  :  .M 
58:8 
54:7 
55:  10 

56  :  5 

57  :  7 


59 

t;o 
61 
62 


60 

06 


16 
18 
14 

•- 
0 
•Jl 
14 

11 

s 


68 
60 
70 
71 

n 

78 
74 
75 
76 


results  can   be   plotted  out  on  a  diagram  by   marking  the 
its  of  the  eggs  along  a  base  line,  and  the  number  of  units  to 


isr, 
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each  weight  as  uprights  from  that  bast  line.  Then-  is  only  one  egg 
of  48  grains  and  twenty-two  eggs  of  61  grams,  so  the  sixty-one 
upright  would  IK-  t  \vmly-t\\o  t  nncs  the  height  of  the  forty-eight 
upright.  In  this  series  there  are  irregular!  t  i<  s  :  thus  between  the 
twenty-two  units  of  61  grams  and  the  twenty-one  of  68  grams  there 
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Fio.  235. — Pictorial  representation  of  weights  of  200  hen's  eggs, 
connected  up  to  form  a  curve. 

is  a  drop  to  only  nine  units  of  62  grams.  But  assuming  that  2000 
eggs  had  been  weighed  instead  of  200,  we  might  reasonably  reckon 
on  the  uprights  rising  fairly  evenly,  so  that  when  their  tops  were 
connected  up,  the  connecting  line  would  .be  roughly  a  curve  ;  even 


Fio.  236. — Two  symmetrical  curves  of  different  spread. 

though  there  are  still  some  irregularities,  the  number  of  the  eggs  to 
each  weight  would  fall  around  a  fairly  symmetrical  curve  ;  in  other 
words,  the  spread  to  each  side  of  the  mean-figure  would  be,  roughly, 
equal,  as  in  fig.  286.  In  the  200  hen's  eggs  there  are  ninety  units 
under  61  grams  and  eighty-eight  units  over  61  grams,  so  that  the 


hi.  I  IMTION 


is: 


mean-figure  in  this   instance  would  be  roughly  61  grams.     In  the 
figure  we  see:— 

i     1  1         i\e  oi  difference  or  spread. 

9.  The  mean-figure,  about  which  most  of  the  eggs  congree 

8.  Two  extreme-figure*,   one   tailing   U>   tin    /,/,<> 

an-figure.  the  other   t,,   the  miini.%  i   the  same, 

with  only  a  few  exceptionally  heavy  and  light  eggs  at 

«arli   end. 

A   fall   in    the  total   difference  or  spread  could   be  represented   l>> 
a  smaller  spread  <•!  tin    curve  to  opposite  sid«  -s  <>i  the  mean-figure; 

MEAN    VAUJC 


IXTRLMt   VALUt 


CXTttCMt    VALUt 


-Hold  and  Divergonee. 
a  rise  in  the  total  difference  or  spread  by  a  greater  spread  <>t   th< 

t«.  opposite  M(i«-s  of  the  UK •an-lii.Mire.  as  in   tin-  <li»ttr«l   line. 

WitliMU-  riling  oni-s,l\,s  as   to  ho\v  each  of  the  200  eggs 

ivcd  at   their   different    uritfhts.    \\e   can    n«»\\    pio<-,e.|    to  analyse 

the  meaning  «•!'  Change  still  further.     Each  egg  changed  in  one  of 

three  duvet  i.»ns  : 

1.  Towards  the  mcan-vali. 

Towards  one  e\tn me- value. 
8.  Towards  the  ..th.-r  •  -value. 

This  change  in  a  delinit  ion  can  In-  in  tv\o  mean  ways  :—• 

1.  It   the  change  be  towards  the  mean-value  of  a  series,  it  is 

a  Hold  (H  in  the  diagram). 

2.  lit  -re  be  towards  an  extreme- value,  it  is  a  Divergence 

(D  1)  in  th«   diagram). 
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In  a  Hold,  the  change  is  towards  constancy  of  type;  in  a  Diver- 
gence, the  change  is  away  from  type.* 

In  a  series  of  units,  when  we  see  a  decreased  range  of  difference, 
a  smaller  spread,  with  most  of  the  figures  clumped  around  the 
average-figure  or  typical  unit,  we  infer  a  Hold  on  the  part  of  sue h 
;i  -  n.  s  :  when  \\v  s«-e  aii  increased  ran^e  of  difference,  a  larger 
spread,  we  infer  a  Divergence ;  thus  :— 

Lower  difference-figure  =  Hold  =  Adherence  to  type. 
Higher-difference-figure =Divergence=  Alteration  from  type. 

To  use  a  simile,  when  a  company  of  men  is  falling  in  from  the 
wings  towards  the  centre,  the  difference-figure  works  out  lower — a 
Hold  ;  when  a  company  of  men  is  extending  out  from  the  centre  to 
right  and  left,  the  difference-figure  works  out  higher — a  Divergence. 
These  two  terms  cover  two  main  qualities  in  Nature  and  two  clii< •!' 
types  of  the  human  mind  :— 

1.  The  hereditary  and  conservative  tendency  to  hold  true  to 

type. 

2.  The    hereditary    and    enterprising   tendency  to    differ    from 

type. 

Truth  pertains  to  both. 


EIGHTH  STEP. 
CHANGE    OF   MAN. 

When  does  man  cease  from  changing  ?  At  what  age  ?  At  one  ? 
Or  at  seven  ?  Or  at  fourteen  ?  Or  at  twenty-one  ?  Or  at  twenty- 
eight  ?  Or  at  fifty-six  ?  Or  at  seventy  ?  And  is  a  man  past  his 
best  at  forty  years  ?  Man  changes,  but  how  ?  Here  are  one  or 
two  examples  :— 


*  Charles  Darwin  foreshadowed  this  distinction  as  **  Convergence "  and 
"  Divergence."  Cp.  Origin  of  Species,  chap.  iv.  ;  Animals  and  Plants  under 
Domestication,  vol.  ii.  p.  235. 
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iag 


Tin'  infant  •>  in<.<itn 

•71 


H.-.iM 
A,  i.-.i.-s 


I  'anal-  ..I  tli«-  t't.'in 
Ann  DOM 


Mnta 


oil  front  of  guroti 
Reading  .train   in  onil- 
in 


yard. 


Strain, 

Back  preMure  of  blood. 


of    belly    ooo. 

Lull. 


tanfe 
Tbiowii 


Heavy  riding. 

Premire. 

Rubbing  of  jagged  tooth. 


Ami. 


Thickening    of    drum    of 


( 

')• 
Rupture  out  of  in 

ItaaflfcM 


thigh 
DOOM. 

T..nkMi.-  ran.  ,-,. 


Con  M    middle  column.     In  each  instance  tl 

( -hanged  in  undergoing  a  strain.     We  have  thus  :— 

I'lrH.  Second.  nl. 

I     sue.  tin.  Diffrrmce. 

Now.  what    is  the   usual   view  of  change   in   th<-sr   and   «.th«  r  in- 

.-s  ?     It    nia\    IM    hrirtly  siiiiuned  up  in  the  words  '* Cause " 

and       KIT.-  A  minrral.  a  plant,  an  animal,  a  man,  change 

ever  from  \\itli<>ut.     T1  •    I      .  <lrops  a  plate  on  the  kitchen 

t  be  fall  is  the  "  Cause/*  the  breakage  the  "  Effect."     The 

alt. T native    view    of    change    is    that    change    is    never    from 

\\ith.Mit.    that  the   external   cause   is    n««t    a   ««'ntrolling  action. 

and   that  the  end   differ* -m •«•   01    retmli    d.-pends   on  the  internal 

MC   and    inner  strain. 

Tin  s«    two  views  may  be  tabulated  thus  :— 


1.  A  Cause. 

2.  An  Effect. 


i     \M  Action 
2.  A  Strain. 
8.  A  Result. 


Strike  a  note  on  the  piano   with   your  finger;    you  may  call 
your  striking  finger  the  cause,  and  the  note  the  effect  ;  you  may 
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Flo.  238. — Portion  c.f  cinema  film,  nhowing  a  block  of  iron  and  soup  -plat,  -s  falling  thereon. 

I     I  'ailing  nearly  horizontal. 

•  illinn  ohli.jip  . 
3,  4,  5.  Falling  vertical. 


<  ll\\..l.    01      M\\ 


I  .1 


alfto    rail     J  kni^'    liny,  i     tin-    art.     th«      internal    strain    111    th< 

lli«-    real   Ca>  tin     result. 

I  '     IN    Jllst     on,     ol    Uolds   ;      ttheth't     M.itt.f 

use    or    an     internal    strain     \\oijld    not 
8CCIH    »..   toiu-h    tin  !nl    l.iiltrr   of  thr  average    imiiMiinal.       Hut 

1      i|r|n   ||<|s     oil      \\lirtlliT     tll«sr      tUo     \  H   U  s      |r.i«l      !••     tl.«       s.lll 
•llff.    ! 


239.— Tl.  mk. 

I          is  tliri-1-r..n-  I..1I..U   tlinii  up  rrsoluti  ly. 

Tin-   IK-US.  \\iiV   Irts   Tail   a   platr  i»n   tlu    kitrhrii   IliM.r  :     it 
\\  H\    rr^anl  the  fall  as  tin    causr  ami  the  break  as  tin-  <f: 

I  tin    tiist    n..ti..n  we  cam*    tn.  and  we  accept r< I  it     \\hich 

••iiiplmirntarx    t..  tin    int.  II,  !  i m r  ancestor-.,  hut  not   to  our 

"XM          \\  1(.t    think    «>l    an\     intrrnal    strain    in    tin     plat.         N 

on    tin-    s«,-on«|    \n-\\.    tin-    plate   mnler   the   ac-timi   of  the   fall   strains 
away     in    different     dm-eh-mx.     so    that     pieees    My    a\\a\     from 

•  •tin!  taking  its  ..\\n  tune  to  break. 
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Or  consider  the  relation  between  the  oak  intact  and  the  oak 
riven.  The  lightning  flash,  "the  cause,"  is  said  to  fall  and  split 
the  oak,  "  the  effect,'*  in  actuality  the  flash,  does  not  always  pass 
from  the  cloud  to  the  earth,  but  sometimes  from  the  ground  l«>  the 
cloud;  however,  we  are  wont  to  think  of  the  splitting  of  tin  tree 
as  being  produced  directly  by  the  falling  bolt.  The  opposing  view 
is  that  the  oak  tears  itself  with  exceeding  rapidity  into  two.  An 
electric-strain  travels  to  the  oak,  setting  up  a  strain  within  it;  tin- 
oak  is  now  straining,  and  after  the  lapse  of  a  variable  length  <>i  t  lim- 
it may  rend  itself  apart  into  two  halves.  The  tearing  is  not  instan- 
taneous, but  occupies  a  certain  time. 

Similarly,  when  a  fireman  burns  his  hand  in  some  rescue,  we  con- 
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FIG.  240. — Cause  versus  Strain. 

sider  the  fire  the  cause  and  the  charring  the  effect.  \Ve  never 
the  fire  as  only  a  stimulus,  the  change  in  the  hand  a  rapid  trans- 
formation to  guard  against  the  undue  heat-stimulus,  and  the  charring 
the  outcome  of  that  internal  change,  a  change  intermediate  between 
the  "  cause  "  and  the  "  effect." 

Here  a  new  vision  confronts  us,  like  a  picture  on  the  gallery  \v;dl. 
The  picture  is  all  a  blur  to  us,  but  once  catch  it,  and  we  will  ne\  <  r 
forget  it.  The  above  illustrations  are  all  too  feeble  to  aid  much. 
So  consider  the  figure.  On  the  energy  view,  our  mental  LI/-  is 
directed  to  the  first  and  third  points,  the  Stimulus  and  the  Result 
(usually  called  the  Cause  and  the  Effect).  On  the  inner  view,  tin- 
first  and  third  points  sink  into  insignificance  compared  with  the 
Internal  Strain. 

The  second  alternative  seems  at  first  sight  grotesque.  I  fall  on 
my  arm,  and  its  breaks  ;  how  can  I  think  of  it  breaking  itself  into 
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pieces.     lint   yon  do  thmk  so  sometime*  ;    thus  your  clubmate 
i.  ket-lwll  extra   hanl.  and  suddei.K    hU  arm   falls  limp 
an.  I  I.I.-L.H  i.\  liis  si.  I..     \VhyT    Because  of  this  same  inner  strum. 
\    I  suppose  a  whole  generation  of  us  had  been  brought  up  to  tin 
hattgrs  in  the*  plate,  the  oak.  the  hand,  and  the  bone 
•«•  changes  from  wit  hm,  we  \\ould  regard  the  other  "cause  "  view 
as  a'  I         ,•  of  us  were  to  argue  to  such  a  lxx>k  here  I 

I         plate   Nsould   n.  -t    have*  fall'  avit\    had   not    pulled   it  ;     the 

IH.H.  m  MM  inn  did  n.  .t  ei.iei,  "t  itself,  because  it  needed  the  shock 
to  do  so  ;  oaks  do  not  go  bursting  all  over  the  place  of  themselves/9 
he  would  simpix  rep 


"Of  course  we  all   know  that;    hut   it    is   nut    the  point. 

\Ve  hoth  kiiou  there  is  a  rails,-,  hut  is  it  tit,  nml  ..r  int.rnul  ' 
I).,  you  iiii-an  t..  trll  m«-  that  tin-  change  is  \\h..||\  external  ' 
D.H-S  not  the  mattrr  itself  strain  to  nnnlify  the  external  aeti.-n 

every  time  it  ehanges  ?" 

Now  to  contrast  this  alternative  of  Strain  with  the  previous  idea 
of  Energy.  Let  us  cull  s<>im  simple  facts  from  Nature,  leaving  the 
reader  to  add  more  from  his  o\\n  experience. 

1  .  Mfchanical-Strain.  \Vateh  t  he  shore  from  the  deck  of  a  tourist 
steamer.  «»r  the  hanks  .-i  th«-  Sue/  (anal  from  a  liner,  or  even  take 
a  row  aloiiLj  any  canal.  The  first  si^n  of  a  movement  in  tin-  \\at«  r 
is  not  ii}>  hut  receding  down  the  bank.  The  boat  has  exercised  a 
siieti..n  action  ri^ht  through  the  uatei-.  one  form  of  mechanical 

N.-thin^  |ias  passed  from  the  boat  to  the  bank. 
2.  //        s  'rain.  —  We  prefer  to  stand  on  a  cork  mat  after  a  bath 
rather  than  on  t  x|al»  «.f  marble.     Why  ?    Because  cork  and  linoleum 
are  warinei  than  tiles.     Hut  why  are  they  warmer  ?    The  usual  en< 
view  says  :     Marble  absorbs  a  greater  quantity  of  "  heat-energy  ' 
et    than  does  cork.     The    strain   view   maintains:    The 
i  hie  n.  •  more  ahsorl.  energy  of  heat  "  than  the  foot  absorbs 

Marble  feels  colder  because  it  is  more  resistant 

and  slow  to  change  from  a  cold  state  to  a  hot  state,  whereas  cork 
storms  i  roin  the  cold  to  the  hot  state  straight  away. 
I    <•  Energy  view  :  MarM«   and  cork  are  sponges. 
Ti)    ^  \v  :  Marble  and  cork  are  transformers. 

\  -nsidcration  forhids  us  speaking  of  a  quantity  of  heat 

We  have  nil  felt  how  the  heat-strain  from  a  coal  fire  is 
different  —  it  feels    \\ettcr     than    that    given   off   from  a  wood   fire. 

II 
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Now,  we  have  n«>  riL'ht  to  project  a  double  smsat  i<>n  ,-omin«:  t'nuu 
t\s..  kinds  »>f  Matter  and  to  distinguish  it  as  a  single  and  absolute 
imautitx.  •'  I. rat."  mde|>ciid<  ill  of  l'"th  tlirsr  forms  of  Matter. 

8.  Light-Strain. — \Vhen  \vr  see  a  lightning  flash,  there  is  no  actual 
light  between  the  clouds  and  the  earth — just  a  strain  or  state  of 
tension  which  our  eyes  and  brains  recognise  as  a  bright  thing.  F«»r. 
s,.  tar  as  \vr  kiio\\.  n<»  cjiiantity  of  anything  passes  to  our  eyes 
just  a  shock.  That  light  is  not  energy  appears  also  in  the  heating 
of  iron  ;  first  it  is  dark,  then  it  glows  "  red,"  then  "yellow,"  then 
"  white,"  according  as  the  strain  within  the  metal  increases. 

That  light  is  but  a  state  of  strain  within  Matter  also  appears  from 
the  fact  that  light  changes  according  to  the  kind  of  Matter  which 
passes  it  on  ;  thus  the  Frenchman  Foucault  found  in  1850  that  the 
velocity  of  light  is  less  in  water  than  in  air. 

4.  Sound-Strain. — There  is  no  such  thing  as  "Sound.  There 
is  a  form  <>i  earth  and  air  strain  which  is  interpreted  by  man  as 
s.mnd  "  ;  he  then  takes  his  own  sensation,  projects  it  into  space, 
and  credits  it  with  an  objective  existence — a  pure  fancy  on  his  part. 
Take  the  telephone,  for  example  ;  it  is  not  "  sound,"  but  a  strain 
in  the  copper  wire  that  starts  a  strain  in  the  vibrating  telephone 
plate,  that  starts  a  strain  in  the  air,  that  starts  a  strain  in  the 
membranes  and  fluid  of  the  ear,  and  thence  stimulates  auditory 
nerve  and  brain. 

That  "sound"  is  really  sound-strain  becomes  very  manifest  in 
great  natural  upheavals.  The  association  of  *'  sound  "  with  the 
earthquake  or  strain  in  the  vicinity  of  the  Japanese  volcano  Sakura- 
jima  was  noted  by  Mr  Archibald  C.  Hutchinson,  missionary  at 
Kagoshima,  in  the  spring  of  1911:  'There  was  a  terrific  noise 
like  the  crack  of  an  enormous  whip,  and  the  earth  seemed  to  leap 
convulsively  upwards."  The  sound  was  not  a  thing  apart,  it  was 
a  tension  associated  with  "  a  terrific  "  tension  of  the  earth.  And 
with  the  sound  of  the  <juns  carried  from  Belgium  and  France  to 
Eastbourne  and  NYwhaven  there  is  also  felt  a  tremor  of  the 
ground. 

:>.  /•;/»  c//  i< -Strain. — Perhaps  the  idea  of  strain  is  best  appreciated 
wlici i  we  speak  of  electric-strain  or  shock.  Richmann  of  Petrograd 
was  attempting  in  1758  to  verify  the  then  new  theory  of  Benjamin 
Franklin  that  lightning  and  electric-strain  were  one  and  the  sam<  : 
on  6th  August  of  that  year  he  was  observing  during  a  thunderstorm 
the  indications  of  an  electrometer  connected  to  the  iron  rod  he 
had  run  up  his  house,  when  there  came  a  tremendous  thunderclap, 
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ami    -  A,  Ins  Irii-nd,   \%li«.  was  with  him  in  tin-  mom,  «*w  a  blue 

Hainc  smlih  nix    appear  l><  t\M«n  tin    iron  rod  and  th<    pn -lessor's  head, 
•  it   liki-  a  pist.il.  and  sa\\   hi;  .  out  dead.       \\ 

••  appear.  I   •  •!.  «jm  st mnin^  an  Knglish   bo\   «.i    t\s<l\.    of 

lair  inf.  I, 

V     1  '  .  thing  pass  do\\n  ti 

/    Somethim  must  h.i\ .  patted. 

.  inns!  '     Nothing  was  teen  pacing  down  the  rod     I 

>  ..ii   know  ? 

A.  Well,   perhaps  it   was  in   tin-   rod;   )>erhaps  the  rod  heated 
n    t..ji    to  bottom. 

Nothing  passed  damn  the  rod — a  rapid  h< -a ting  work,  d  its  way — to 
understand  that  is  .  —  nh.,1.  1  ).<  re  was  indeed  a  shock  or  strain  m 
the  nnl,  th«  air.  and  the  man,  expressing  itself  as— 

I.    Kl.-.-trir-strain. 
'_'      I. lu'ht -strain. 

8.  Sound-strain. 
4.  Tissue-change. 

Go   into   any    lihi.,i\    ami    count    th.     numlx  r   of  books   cntitlrd 

I        t  ncit  \."      It    max    he    handy   to  speak  of  **  elect  ririty  "  as  a 

•  nt  "  passing  along  a  eoj.p.  i   wire,  thinking  of  the  current  as  a 

hall  running  down  a  pipe.      Hut   it  is  a  mistake  to  speak  nt"  an\  tinny 

x\hirh.   so  far  as  \x<    know,  does  not  exist.         I       trintx  "   is  an 

alt.  red    state   of  Matt,  r      Matter    in    strain. 

Touch     the    electric     hllttoll,    and    011    jrnrs    the     .l.ctric     lljfllt.        Has 

anythini;  run  through  tin-  copper  wire  to  the  rarhon  lilaimnt  of  the 
'     \N'e  have  no  reason  to  think  so.     All  xv«-  know— all  we  ate 
at  lil.i-rtx    to  assume      is  that   the  C..J.J..T  . .t   tin    xxire  has  changed, 
one  «iid   changing  and   then   the   \\m-  changing  right  along  to  the 
!it.  thence  back  again  to  the  other «  i  id.     Take  t  h>   follow- 
ing analogy  :  Magnify  the  changes,  and  let  an  en^im  strike  a  row  of 
trucks;     the   trucks   then   yo  jolting   each   other  right  along,   till   the 
last   truck   shoots  off  on    its  own.       I  .JUT  wire  can   be  thought 

:  along  in  similar  fashion  (hi:.  I'M 
\\     tnax   noxv  sum  up  strain  as  follows: — 

..ui    n.dixidual  sensations  of  heat-strain  and  electnc- 

m  the  skin,  light -strain  in  the  eyes,  and  sound-strain  in  the 

to  pi, .j,ct   th.se  states  of  strain   into  which  our  Htroet  have 
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passed,  and  to  worship  them  as  external  <|n;mtities  of  energy,  external 
both  to  the  Matter  from  \\  Inch  t  hey  proceed  and  to  onrseK  efl  to  whom 
they  come,  is  n«,t  ri^ht.  It  is  always  the  Matter  itself — the  tissue, 
the  earth,  the  water,  the  air,  or  the  aether — that  strains,  pulls  or 
pushes,  tugs  or  thrusts,  and  there  is  no  strain  apart  from  Matter. 
II  ir,  then,  can  we  project  the  action  of  Matter  into  space  apart 
from  that  Matter? 

It  may  be  urged,  if  "  heat,"  "  light,"  "  sound,"  and  "  electricity  " 
do  not  exist,  but  merely  a  general  strain  in  Matter,  why  do  we  n»t 
see  sounds  and  hear  lights.  But  the  argument  is  not  that  all  strains 
are  exactly  alike,  which  would  be  an  absurdity  in  view  of  the  special- 
of  our  eyes  for  light-strains  and  our  ears  for  sound-strains. 


r»«m*  VM.+*  ^  i"""r 


Fio.  241.  —  To  illustrate  nature  of  electric  change  in  a  wire. 

The  argument  is  that  not  one  of  these  different  strains  possesses  an 
independent  existence  external  to  and  apart  from  Matter. 

Which  is  right  —  the  Cause-effect  idea  or  the  Action-strain- 
result  idea  ?  We  do  not  know.  But  we  can  easily  see  how  the 
Cause-effect  idea  leads  us  to  regard  minerals,  plants,  animals,  and 
man  as  passive,  reflex,  and  mechanical  things  ;  while  the  Action- 
strain-result  view  leads  us  to  think  of  them  as  active. 

For   the   Cause-effect   idea   allows   only   for  a   closed    seri<- 
possibilities.     Suppose  all  the  movements  of  any  piece  of  Matter, 
M,    have   been   analysed    and    then   summed   up   in   the   following 
series  of  terms,  these  representing  the  possible  movements,  forces, 
or  energies  of  M  :— 

A+A,+  A,-hAH-A4  etc. 


By  the  term  passive  is  meant  that  all  the  energies  of  the  Matter,  M, 
can  be  exactly  measured  and  then  summed  up  as  a  finite  sum.  If 
this  idea  of  the  nature  of  M  be  correct,  it  cannot  be  said  to  possess 
any  spontaneity  or  existence  of  its  own.  It  is  but  a  summation  of 
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MS,  which  it  6M  r  add  to  nor  tubtmct  from.     We  will  regard 

in  of  Matter,  M,  as  composed  of  a  hint,    number  of  "  m.. 

nergics,"  but  as  conta. 

\\hieh  is  beyond  complete  analysis  by  the  hunian   mm«i. 
Even  thm-  moves,  but  motion  is  no  proof  of  ii 

i  active,  on  the  other  hand,  is  meant  that  however  far 
!  be  analysed,  there  in  always  something  left  over  still  to 

be  analysed.     In  oth.-r  words,  the  series 

c.' 

is  an  m.  xl.aiistiblc  series  reaching  t<»  mfin  • 

In  I'assu  it\ .  tin  i.. mi        M  \1 .  is  t he  intermediary  of  certain 

Bes.      In    .\eti\ity    it     is    the    transformer    or    modifier    of  certain 
•  •est  redn  multiplying  the  theoretical  effects  of  the  action 

applied  to  it. 

.•••MSI«|«T    tin-  distinction   in   aiiot  her   light.     Take  a  piece 

of  Matter,  M,  and  act  upon  it  100  times,  keeping  all  the  acting  factors 

s,  •  \t.  in.il  and  internal,  as  far  as  pc>ssihl<    nl.-nti.-.-il.     Then 

apply  external  test,  knowing  every  clement   in  it  too,  and  watch  the 

rrsiilt  :    tin-  fallowing  distinction  may  then  be  drawn  :— 

Passive  Change=An  id< -nti< -al  cause 

leads  to 

A  Constant  Result 
Active  Change  =  An  identical  cause 

leads  to 
An  Inconstant  Result. 

If  the  change  of  Matter  be  passive,  we  could  say  with  Herbert 
in   his  First  Principles,  p.  194,  "  Let  two  equal  bullets  be 
jectcd  with  equal  forces  ;    then  in  equal  times,  equal  distances 
must  be  travelled  by  then 

Hut  it  the  change  be  active,  then  we  say,  "  Let  two  equal  I  ml  lets 
be  projected  with  equal  forces ;  then  in  equal  times,  unequal  dis- 
es  must    he  t  r.i\  «  IN  «1  hy  these." 

Let  us  now  decide  which.  In  the  first  case.  Matter  is  like  a 
•  I..  \niur  ..nl<ts  implicitly  and  without  responsible  criticism. 
In  the  second  case,  like  \e|s..n  :tt  the  hattlc  •>!'  Copenhagen,  it  takes 
its  orders  in  its  own  hands,  ehanirini:  them  .  \.  r\  time. 

Obviously,  these  statements  cannot   both  be  correct.     If  one  be 
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« 

true,  the  other  is  false ;  if  one  be  false,  the  other  is  true.  And  this 
is  a  distinct  help  and  advantage. 

Someone  may  urge,  What  really  does  it  matter  what  our  mental 
at  t  itude  is  so  long  as  we  get  at  the  facts.  What  is  the  cash  equivalent 
of  a  mental  attitude  ?  This  while  apparently  practical  is  the  revrrse. 
for  it  is  superficial.  A  right  attitude  towards  the  changes  occurring 
in  Matter  is  not  negligible,  but  of  supreme  importance  if  any  results 
are  to  be  achieved,  \\itlnmt  a  ri«rht  attitude  we  might  collect 
scientific  details  by  the  ton,  and  yet  be  not  a  whit  better  off;  !<T 
the  details  are  then  isolated  corks  upon  an  ocean — quite  at  sea.  And 
not  merely  would  the  details  be  lost  and  vitiated  if  our  attitude 
chanced  to  he  wn.inr.  hut  the  ensuing  dissociation  of  ideas  would 
render  it  <  \tr<  mely  difficult  !<>r  any  young  man  or  woman,  no  matter 
his  or  her  ability,  to  rise  to  that  orderly  and  related  view  of  modem 
knowledge  without  which  his  work  will  lose,  at  least  some  of  its 
value.  They  would  lose  time.  They  would  \vjmdrr  aimless  in  the 
dark  tangle  and  shadow  of  the  trees,  and  die  there  without  ever  a 
glimpse  of  the  sun  beating  on  the  leaves  above  them.  If  the  harm 
wrrc  only  that  a  few  additional  details  were  not  discovered,  it  would 
be  little  odds.  But  the  trouble  is  that  society  docs  not  advance 
beyond  the  bounds  of  its  knowledge;  it  is  difficult  for  social  and 
political  heart  and  hand  to  outstrip  the  head  of  a  nation,  for  it  acts 
only  on  what  it  thinks.  It  is  ever  the  helm  of  the  State,  in  the  sense 
that  it  can  direct  social  enthusiasm  verily  on  to  the  rocks.  Strange 
as  it  may  seem  to  a  man  immersed  in  business — and  at  first  sight 
it  is  strange — it  is  quite  possible  for  an  apparently  theoretical  idea 
to  hold  up  and  indefinitely  to  retard  the  social  progress  of  a  com- 
munity, to  hold  back,  for  instance,  the  housing  conditions  of  a  whole 
land. 

Far  away  in  the  heart  of  the  Rockies,  5000  feet  and  more  above 
the  level  of  the  ocean,  the  curve  of  the  Canadian  Pacific  Railway 
attains  its  summit.  The  spot  is  called  "  The  Great  Divide." 

Shall  we  turn  K.-ist  o,  West  ? 
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NIMH    -I  I.!' 
•      MM       I    \\\      i  H       \(    I  l\  II  \ 

l> 

What  is  strain  '.' 

Mrasiirriiielits     I.V    Allivd    Muss,  I    XXallarr    ..n     MM      Ann  n«-an     \  i.  • 
I.  ml   an.  I    marsh-lilaekhird. 

Does  tin  st  lam  .  ,f  mhreeding  lead  to  di\  rrgencc  fmm  type  ? 
I    change  active  or  passive  ? 

I  igrs  i»f  using  hours  for  tin-  test. 

I 

Tin    «liff«  i.  '  . 

Mean 

[nadeqoaoy  of  the  dtfference-flflur        ""' 

XI.  an 


-       n.lar.l 
Mini  «»f  s<|iiaiv<|  «lif!  t'nun  n 

number  of  units 

i  tin-  «hffi  renoe-figurc  i>as(-<l  <>n  it. 

|)|          "          :: 

Mean 

Prcliininars   t«  s(  ,,n   MM) 

Tin-  thiu'li   I>"|K    .  .f'  man  ami   its  JK  ciihant  \  . 

First  test,  on  tin-  thigh  l»«>nr. 

Srnnnl  lest,  l'\    in<l«-)»cii(l«  nt   n  ..n  the  thigh  !>• 

Ciiuiitcrini:  .-t  sonic  ,i|ij<  •<•!  K.HS. 

\       ssm-  in  strain  rrspumls  t..  ///>/»ov//,    si,|«  s  ,,|  a  in 
Thf   la\\    Of  th.-     \ct!Mt\    Of   Matt,  r. 


XX  «    ha\  <    just  stt  j)|n-d  to  tin-  linn  footing  «»|  a  strain  \\ithin  Matter. 
So  far  th<    climb  has  h  tin    |O\V<T  ami  sluuililt  ; 

slopi  s.      Hut  now  we  come  to  a  shr«-r  asr«-nt. 

I!  is   flu-   average   man   «>r   u.-inan   the   slightest    inti-n-st    or  desire 

I'.>||M\\    a    pursuit    of   kiio\\|cdgi-   for  its    ..\\u    sak< •?      Perhaps  n«»t. 
1    jMihaj.s;     for   just    as   tlu-re  an-   men  and  women    u  ho  uill 

tun-  the  Highlands  or  the  Alps  out  of  a  \  oiithful  d«  light  in  \ 
s..  tli.  n-  are  those  uh,,  |o.ik   to  tin    <  nd  and   realise  that  a  seedling 


•joo  Till     I  II  I     OF  MATTKH 

may  grow  into  an  oak,  a  babe  into  a  man,  and  that  in  time  both 
oak  and  man  are  UM  tul. 

So,  starting  from  the  clue,  or  thing,  or  idea,  or  springboard,  or 
basis — or  whatever  word  we  like — of  a  strain  or  inner  tension  of 
tissue,  let  us  attempt  to  reason  out  the  nature  of  the  changes  we 
s«  all  around  us.  Can  it  be  seen,  and  heard,  and  felt  ?  Can  it  be 
produced  by  way  of  experiment  ?  Is  it  invisible,  but  real  ?  Or  is 
it  utterly  beyond  our  common  understanding?  Such  arc  some 
questions  to  be  answered. 

Let  us  go  to  others  for  help.  Let  us  go  to  the  leading  ant  IK  n -it  i< -s 
on  plant  and  animal  life.  Now,  in  reading  Mr  Wallace's  famous  book 
Darwinism  we  come  to  his  pictures  of  the  different  measurements 
in  birds.  Two  of  his  figures  are  reproduced  here:  the  first  showing 
the  measurements  of  twenty  males  of  the  rice-bird  or  bobolink, 
the  American  songster ;  the  second  showing  the  measurements  of 
forty  males  of  the  American  marsh-blackbird. 

Mr  Wallace  explains  the  construction  of  the  first  diagram  as 
follows  :— 

"  The  twenty  specimens  are  first  arranged  in  a  series 
according  to  the  body-lengths  (which  may  be  considered  to 
give  the  size  of  the  bird),  from  the  shortest  to  the  longest, 
and  the  same  number  of  theoretical  lines  are  drawn,  numbered 
from  one  to  twenty.  In  this  case  (and  wherever  practicable) 
the  body-length  is  measured  from  the  lower  line  of  the 
diagram,  so  that  the  actual  length  of  the  bird  is  exhibited 
as  well  as  the  actual  variations  of  length.  This  can  be 
well  estimated  by  means  of  the  horizontal  line  drawn  at 
the  mean  between  the  two  extremes,  and  it  will  be  seen 
that  one-fifth  of  the  total  number  of  specimens  taken  on 
either  side  exhibits  a  very  large  amount  of  variation,  which 
would  of  course  be  very  much  greater  if  one  hundred  or 
more  specimens  were  compared.  The  lengths  of  the  wing, 
tail,  and  other  parts  are  then  laid  down,  and  the  diagram 
thus  exhibits  at  a  glance  the  comparative  variation  of  these 
parts  in  any  specimen  as  well  as  the  actual  amount  of 
variation  in  the  twenty  specimens." 

We  notice  first  in  these  pictures  that  the  length  of  the  parts 
do  not  always  agree  with  that  of  the  body,  but  are  often  in  an 
opposite    direction:     the    chart    for    wing    and    tail    often    stril 
away  from  that  given  for  the  body  as  a  whole.     We  notice  next 
the  average  or  mean  point  for  each  part  of  the  body  in  fig.  *ji:;. 
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and    we  can   take   a   pencil   and  draw    through   each    average   a 

:>arallrl    t..    tli.     lim-    ,,f   the    IxnU -Imjrth.      \\ V    thus 


-'42.—  Variation,  in  twenty  ^aetroflfia  of  the  ric^bini 


the  average   liiu     fur   rarh    part.     \\  •    now  notice  that   the 
I   of    the   various   part^  .    tail,  and   so  on,  [occur   t<» 
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opposite  sides  of  an  average,  sometimes  above  the  liius   we   have 
sometimes  below  them. 


0  6          20  25  30          35  40 


20  26  30  35 

(After  Alfrfd  RuMtfl  Wa»art(Mr**r$  MacmOlan).) 

Fio.  243. — Variations  in  forty  specimens  of  the  marsh -blackbird. 

So  far  we  have  been  considering  a  series  of  units.     But  a  possible 
clue  here  presents  itself,  Does  there  exist  not  merely  in  this  way 
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a  nun  iiffrrenccit  over  a  *erie*  of  tissue-unit*,  but  a  pov 

//  unit  of  t  change-  in  Minilur  fashion  «it) 

r  t<»  the  *,tli  t  the  average  ?    Supposing  we  take  all  the 

j    line  or  s« -i  .nuts  ami  crush  them  together 

>c   presses  a  concrr  -es   tins  crushed   picture  represent 

the  Miir    milt    "'        All    idea  ! 


A  A  A  A  A 

v 


li.— A  atrievof  unit*  Miffiwtagaway  fromana 


intoiinnglrui.il  h-.v*Ttiig  to  oppoaite  ride*  of  an  average-value. 


•i\    nou  !     To  ariMie  M-..IH  a  series  of  units  to  the  single  unit 
nuts   to   the   single   unit    of  that    series  |,  from  the  general 

the   particular     is  a   pi,,,e  to  grave  objection.     But  still. 

it    is    possilile.      It    is   just    possiUe  to  regard    each    form   of   tissue  as 
di  IieateK    poised   ahout    an   average,  and   elian^ing  to  one  or  other 

it. 
\    '1    still    further,    if   \oii    take    loo   units   of  any   tissue      \ 

I s   and   another    KM)   units  of  another  tissue  (B),  say   another 

I""        ^s.    and    find    these    nearly    identical    in    extent     of    difference 

-"AA.AAA/  .AA.AAA/ 

1  /   Y    V        •      •  /  v    Y    V  v    Y 

AA  A  AA  / 


1 4.— Quwt  n  aericM  of  unitm  A.  diverge  to  oppoaita  ride*  of  an  average, 

value  upon  »irain.  HJI  oompared  with  a  aaeond  group,  li.  k««j»i  in  uniform  condition*  ? 

from    the   average  line,    eitl  Then    if  you 

•up  A  uith  some  unusual  action,  say  l.\  the  passage 
of  aii  eleetrie  aetion  throu«;h  them,  \\ill  the  largest  units  of  the 
u'r-'tij)  A  begin  to  change  away  still  further  from  the  average 
and  IxcMine  larU"  r  than  the  largest  -  •!  II.  and  the  shortest  of  B, 
as  in  fig.  245. 
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Let  us  assume  this  as  a  working  due.  just  as  Sherlock  Holmes 
might  make  use  of  a  clue  in  tracking  down  some  mystery.  But,  then, 
what  is  the-  < \< -it«  ment  we  can  use  ?  It  is  not  easy  in  practice  to 
keep  100  rats  dancing  round  in  an  electric  current  to  contrast  tin -m 
with  the  first  100  living  in  normal  conditions.  Such  an  experiment 
would  occupy  mouths  and  years,  and  we  want  to  reason  the  matter 
out  on  the  spot.  Is  there  no  short-cut  test  by  wludi  we  can  deter- 
mine whether  a  tissue  can  be  excited  to  differ  from  the  average 
or  not  ? 

Is  not  Inbreeding  such  a  test  ?  It  certainly  appears  to  be  a 
strain  to  the  tissue,  for  it  is  known  that  inbreeding  of  animals  may 
lead  to  the  death  of  the  race.  Let  us  therefore  take  Inbreeding  as 
a  possible  test  of  internal  change  of  tissue ;  or  to  put  the  point 
pictorially,  to  see  whether  inbreeding  excites  a  tissue  from  A,  of 
fig.  245,  to  A2,  from  the  normal  away  from  the  average  of  the  series, 
the  test  to  be  as  follows  :— 

(1)  If  close  inbreeding  leads  to  no  increase  in  the  range  «•!' 

tissue-differences,  then  strain  does  not  lead  to  change. 

(2)  If  close  inbreeding  leads  to  an  increase  in  the  range  <>| 

tissue-differences,  then  strain  does  lead  to  change. 

Reference  to  the  literature  discloses  that  the  three  leading 
authorities  upon  evolution  in  Europe  suggest  inbreeding  to  lead 
to  change  :— 

Darwin,  in  "  The  Origin  of  Species  "  :— 

"  It  is  an  old  and  almost  universal  belief  founded  on  a  considerable 
body  of  evidence,  which  I  have  elsewhere  given,  that  slight  changes 
in  the  condition  of  life  are  beneficial  to  all  living  things.  We  see  this 
acted  on  by  farmers  and  gardeners  in  their  frequent  exchanges  <»| 
seed,  tubers,  etc.,  from  one  soil  or  climate  to  another  and  back  again. 
During  the  convalescence  of  the  animals,  great  benefit  is  derived 
from  almost  any  change  in  their  habits  of  life.  Again,  both  with 
plants  and  animals  there  is  the  clearest  evidence  that  a  cross  between 
individuals  of  the  same  species,  which  suffer  to  a  certain  extent. 
gives  vigour  and  fertility  to  the  offspring;  and  that  close  inter- 
breeding continued  during  several  generations  between  the  nearest 
relations,  if  these  be  kept  under  the  same  conditions  of  life,  almost 
always  lead  to  decreased  size,  weakness,  or  sterility." 
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'  The  off  ,|,iinu'  iron,  tli.  »ss  between  two  purr  breed*  U 

lo|,  -ralily  ami  sometimes  (a*  I  have  found  uith  pigeons)  quite  tuiiform 

in  character,  and  « \«  r\ thing  seems  simple  enough;    but  when  these 

'iigrels  are  crossed  on«   \\ith  anoth<  r  for  several  generations,  hardly 

t\Vi»  of  thrin  an    alike." 

Darwin,  in       /     malt  and  Plant*  "  :- 

I  iistances  of  inbred  animals  being  liable  to  malformation  have 
been   recorded    m    the  case  of  pigs,  bloodhounds,  and  some  other 
inmls." 

Wallace,  in  "  Darwinism  "  :  - 

Of  experiments  upon  hogs  he  narrates          \  f  cr  a  few  generat  i«  .us 

thr  virtiins  FN.-init'rst  the  change  in«lnr.-«l  in  thr  system.     They  become 

liinuiished  size;    the  bristles  are  changed  int..  hairs;    thr  hmhs 

•MM-   feeble   ami    short  ;     thr   litter  dimmish    in    t'r«-«|ii. -nry   an<i   in 

th«    nuinlMT  of  the  young  pn»ducr<l  ;  tin-  m«.thrr  becomes  unable  to 

n.-nrish  thmi;  and  it   thr  «-\p, mnrnt  be  carried  as  far  as  the  case 

uill   all..\v.    the  feeble   and   frequently   monstrous    offspring  will  be 

j  incapable  of  being  reared  up,  and   thr  miserable  race  will  utterly 

Oi." 

Weismann.  in  %%  The  Evolution  Theory  "  . 

"Contimird  inhreedin^  leads  m  many  cases  to  the  degeneration 
of  the  deserndants.  and  particularly  to  lessened  fertility  and  even 
.plrte  sterilits.  Thus  in  my  prolonged  breeding  experiments 
\\ith  ulntr  mier.  which  were  carried  out  h\  (».  von  Guaita,  strict 
inbrecilmi:  effected  throughout  twenty-nine  generations  resulted 
in  a  gra.luallx  diminishing  fertility,  and  similar  ••!-  iis  have 

been  made  by  Ritzema  Bos  and  other 

Kitzema  Bos's  experinu -nt  made  on  rats  extended  to  seven  yean, 
and  must  have  been  done  with  some  care,  for  out  of  thousands  ..t 

•i  he  had  only  twi-lve  deaths  from  paralysis,  whieh  in  these  animals 

•.  not  une.  .mm*  »n  disord«-r.     He  did  not  observe  many  abnormalitirs 

his  ml, red  annuals.  l,ut   rat  her  a  gradual  st «  nli ty  associated 

with  a  loss  m  hody-w.-i^ht.     Hi-  tiu'nres  for  (A)  the  average  number 


•.MM; 
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of  young  |HT  litter,  (H)  the  number  <»f  sterile 

((')  tin-  pereentaiM-  drat  h-rat  e  <>f  vimn«r.  arc  these  : 


s.  in  percentages, 


1887. 

1888. 

1889. 

1890. 

1891, 

1892, 

per  cent. 

per  cent. 

|M-|  ,-,-Ht. 

|«<-|  c.-llt  . 

|HT  ('••lit. 

-ni  . 

A   . 

75 

71 

7-7 

6-6 

i  6 

I)   . 

.  . 

26 

6-6 

174 

500 

41-2 

C   . 

39 

4.4 

5-0 

8-7 

:u;  i 

45*0 

The  number  per  litter  dcci-cascd.  there  were  iiH.re   sU-rile  marriages, 
and  a  rising  <1<  ath-ratc  in  tlie  inbred  young. 


Fio.  246. — Race  admixture  in  the  U.S.A. :  from  Census  Report  of  1910.    For- 
population  by  principal  countries  of  birth,  numbering  13,575,886. 

The  rabbits  in  the  small  Copeland  Islands,  near  Donaghadee.  in 
the  north  of  Ireland,  are  repeatedly  swept  by  epidemics  of  disease. 
Even  in  the  vegetable  kingdom,  though  virgin-birth  is  c«.mim>n. 
many  different  forms  of  flowers  in  plants  of  the  same  species  are 
self-impotent  or  specially  adapted  to  be  fertilised  by  the  pollen  <>f 
another  form;  this  is  possibly  to  avoid  the  strain  of  inbreeding, 
for  in  some  orchids  self-pollenisation  not  merely  diminishes  tin- 
fertility,  but  appears  to  act  in  a  directly  poisonous  manner,  the  self- 
pollenised  flowers  falling  dead  in  a  few  days. 
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UK   results  of  inbreeding  are  seen  sometimes  even  when  a  tingle 

tak.  -n.     (  harles  Dan*  in  quotes  a  successful  breeder  of 

luci-«i  Si-hnuht    iiantains  : 


I  -nil.  I.  nt  that  tin  -t\\.,  that  are  best  laced  frequently 

produce   offspn  r    fnun    jM-rfcct    in    thnr    marking*. 

\xhiKt  those  exhil'  -n\  .h  \\lm-li  have  no  often  proved 

successful  were  l»rt*d  fn»in  tin  UMIS..U  «,t  ln-avily  laced  hinls 
uith  thosr  that  were  scarcely  miihci.  ntly  laced  "  (Animal* 
and 


In  caiiarx  -hn-cdiii^.  i!  tin-  aim  is  (••  |>n  ulucc  an  **  even-marked  M 
canary,  a  Im-.l.   that    is,   \\ith   pronounced  markings  on  the  wings 


KV.MI 


ar  mark  hchind  each  eye,  breeders  (who  are  men  interested) 

even-  marked  to  an  <\cn  -marked  bird.     As  Darwin 

1  1  t\v.»  n<  st<  (1  canaries  are  paired,  the  young  birds  rarely 

mil.  lit    this   ,-h;i' 

Thus  the  ml.  i.  .  .in.-  *  vcn  of  selected  characters  appears  to  lead 

to  chan-,'.-  ir.iin  t  \  |M  . 

Accord  i  n  u  1>  .  i  rom  all  these  evidences  one  is  led  to  think  the  strain 
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<>t' inbreeding  does  indeed  bring  about  a  rise  in  the  divergent  tendeney 

of  tissue. 

Yet  all  this  is  not  conclusive.  The  evidence  is  a  trillc  to  the 
Vlglic  side.  It  is  dillicult  in  practice  to  secure  an  absolutely  true 
inbreeding;  for  the  race  may  either  die  off  before  any  tangible 
result  is  attained,  <>r  fresh  blood  comes  in  by  accident  and  spoils 
your  experiment.  Then  there  is  the  dillieulty  of  close  confinement  : 
cooping  up  benefits  no  animal,  not  even  hens  ;  and  there  were  years 
of  close  quart,  is  in  Hit/.ema  H»s\  experiment.  Then  there  is  tin- 
factor  of  selection — natural,  sexual,  or  artificial — to  reckon  with. 
The  Porto  Santo  rabbits  have  lived  successfully  on  a  small  island  Im 
hundreds  of  years,  though  they  originated  from  a  single  litter  ;  but 
there,  no  doubt,  the  weakest  specimens  were  eliminated  in  every 
generation,  leaving  only  the  sturdiest  forms  to  mate  ;  and  if  the 
weakest  are  to  be  killed  off  by  natural  selection,  then  your  experi- 
ment vanishes.  On  the  other  hand,  when  you  interbreed  in  con- 
finement,  do  you  not  artificially  preserve  inferior  types  which  natural 
selection  would  tend  to  destroy  ? 

Then  again  in  man  ;    while  there  is  a   prejudice  against  cousin 
marriages,  indeed  because  of  that  very  prejudice,  any  bodily  defects 
will  more  readily  attract  attention  and  be  rated  of  a  higher  im; 
tancc  than  they  deserve. 

Finally,  breeders  themselves  are  quite  at  variance  on  the  matter. 
Mr  Cross,  manager  of  the  Liverpool  Menagerie,  writes  :— 

"It  is  my  emphatic  opinion  that  inbreeding  leads  to 
anatomical  alterations,  most  marked  defects  on  the  brain. 
and  in  the  majority  of  instances  causes  what  we  would  term 
monstrosities." 

Whereas  Mr  D.  M'Dougall  of  Ardtalnaig,  Loch  Tay,  writes  :— 

"In  my  opinion,  inbreeding  does  not  lead  to  alterati< 
from  type  in  animals.     It  is  practised  by  breeders  of  stock 
enable  them  to  produce  what  is  considered  to  be  the  typi< 
or  perfect  specimen." 

One  breeder  of  highly-bred  ponies  went  as  far  as  to  boast  that 
he  had  a  filly  so  prepotent  through  inbreeding  that,  though  she  v. 
sent  to  the  best  Clydesdale  stallion  in  Scotland,  she  would  throw 
a  colt  showing  no  cart-horse*  blood,  provided  always  the  Clydesdale 
was  not  also  the  product  of  inbreeding.     And  the  Jews  are  said, 
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tin.  .M-},    tl,.  i!    national    inl»r.-,-dm-  pn-|>«.t.  tt  holies 

I'  Is        tin-      jNissihli-      IM  tfllllllll^s     of     a     sterillt)       liafrifT.     a 

.••lation 
I          ilibre<  I.I.  in    is    still    in  .ipheated    h\     the   |K*ti- 

lnht\    that    ml,  i.  .  -in.-   in..  pass  n<»t    a     I  <  crease   but  an 

it\  . 

m»\\    ill  ti-a.l    ..!  .11   ..!    InliM  .  -dm:.'    i  •  IjMlitf  Us 

'Miprehension        -  seems  t 

\MsJ»,     landing     Us     int..    a     i  ••lillietn  :|s    ami     «|«  ! 

Ami  iiinttiiiL'   tii  .,i    ml,-  lia*  led 

.isr.l      <!  illlllials      <A|H»SC«|      t«»      til'  'Ills 

'"    tWO   pOSsil.l-     •  \|.la'iat  i-uis  : 


(1)  Tli.    rliaiiL"-   i^  a  real  <i>\'  >t  tin    tissues  fn»m  ..m 

tO    am.tl 

I  ,l|st     as     \\(       IIMINI-II     a      Illlllll)' 

la^M»ts  l»\  rutting  tin-  hiinlin^  r«.r<l.  s..  tin-  lacfeated 
<  liani:«  may  be  not  a  m-w  tliin<;  at  all.  but  only  a 
uii!..|.iniL!.  a  kxweniagi  a  tallii,.'  ..ut.  an  un- 
»'  luTeditary  tt-mlrncirs  already  presc-nt. 


.   in  s|i..rt.  max    In-  «  itli.  r  act  i\r  or  |>assi\,  . 

in  may  be  either  acti\  • 

\\llh-h       IS      it? 


/     >m  the  Contrast  between  Passive  Change  and  Active  Change. 

\     decision     hct  \vct-n     these     two     opposing     views     is     v<  TV 
irable.      How    can    we    win    it?      By  ar^mm-nts    ,,f   a    general 

nature?      No!      By   accurate  measurements?      Possibly!      So   let 

us    inrasmv. 

lint    \\h.-n-.  .n  shall   we  measure  man   with  accuracy?     Fpon  the 
ics.     For  upon  them  are  photographed  and  n^ist*  r««l  the  h  \esof 

the  j.ast.   t'l-i'in  L"  IK  rat  i..n  to  generatiMii.      Becan 


(1)  They  are 

(2)  They  are  hard  and  easily  to  be  handled,  and 
(8)  They  are  available  in  large  numb* 

1         m   the  charge  «>!    tl..-    Dmvcnfty  of  Cambridge,  in   the   new 
museums  of  that  city,  there  lies  a  collection  of  many  thousands  of 

U 
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ancient  human  hones.  I >n  Might  thither  from  Egypt,  some  of  t  hen t  ovcf 
6000  \  <  ai-s  ,,!<!.      M  Can  these  h«mes  live  ?  " 

II   \s    shall  we    measure    these    bones?     Why'J    by  means  of  a 

two-hla«le«l  metal  calliper,  read  off  in  centimetres. 

NYliich    horn-   shall    we    measure    lirst   ''.      \\c\\.   there  arc    hundreds 


Fio.  248. — Measurement  :  callipera'grasping  neck  of  thigh  bone. 

of  bones,  and  we  may  as  well  take  one  at  random,  say  a  kneecap. 
Pick  one  up  and  feel  it.     It  has  three  dimensions  :— 

L.   The  longest  measurement  from  above  down. 

B.  The  broadest  measurement  from  side  to  side. 

D.  The  deepest  measurement  from  before  backwards. 

Measure  these  three  dimensions  by  means  of  the  metal  calli] 
Good  !     Let  us  do  the  same  to  899  others,  making  400  kneeca] 
in   all. 
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ill 


(i) 


and  231.— Thrw 

'II.  (3)  rut  to  «how  bony  comb. 


L'l'J 
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L. 

B. 

D. 

(2) 

3-0    (1) 

•4    (2) 

3-3    (1) 

3-1    (1) 

•5    (3) 

1  l  (16) 

3-3    (1) 

•6(11) 

3-5  (25) 

3-4    (4) 

1  (32) 

3-6  (30) 

3-5    (4) 

•8  (64) 

:«  7  (36) 

3-6(16) 

•9(71) 

3-8  (35) 

(28) 

2-0  (75) 

3-9  (38) 

3-8  (31) 

2-1  (72) 

4-0  (37) 

3-9  (29) 

2-2  (40) 

l  1  (45) 

4-0  (32) 

2-3  (16) 

I  -'  (35) 

4-1  (56) 

2-4(11) 

4-3  (30) 

4-2  (33) 

2-5    (3) 

4-4  (28) 

4-3  (38) 

4-5  (16) 

4-4  (28) 

400 

4-6    (6) 

4-5  (26) 

4-7  (10) 

4-6(19) 

4-8    (3) 

4-7  (16) 

4-9    (3) 

4-8  (14) 

6-0    (1) 

4-9  (13) 

6-1    (1) 

5-0    (5) 

5-2    (1) 

6-1     (4) 

5-4    (1) 

5-2    (1) 



5-3    (1) 

400 



400 

Having  these  measurements,  are  we  any  wiser  ?  We  have  next 
to  calculate  these  figures  for  each  dimension  into  such  a  single  figure 
as  will  enable  us  to  compare  the  figures  of  one  dimension,  say  the 
series  for  length,  with  the  figure  of  another  dimension,  say  the  series 
of  breadth. 

Now  on  reference  back  to  Mr  Wallace's  diagrams  of  different 
measurements  in  birds  one  observes  a  line  representing  the  average- 
value,  and  a  series  of  points  to  either  side  of  that  line  ;  further, 
there  is  one  point  highest  above  the  average  line  (the  maximum), 
and  another  point  lowest  below  the  average  line  (the  minimum). 
Suppose,  then,  one  were  to  take  the  maximum  measurement  of 
any  series  of  units  and  the  minimum  measurement,  subtract  the 
one  from  the  other,  and  then  divide  this  figure  of  range  by  the 
average-value  (represented  in  Mr  Wallace's  diagrams  by  tin- 
line),  does  not  this  give  a  fair  measure  or  figure  of  difference 
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•j  I :'. 


that  series,  a  measure  of  the  spread  of  the  series  away  from 
tin    average  or  mean:- 

1.  Tlie  Range,  or  maximum  less  minimum. 

2.  The  arithinrtir  average  or  mean. 


8.  Difference-figure-**1**  °f  . 

M.-an  uf  Tints 

.  i«l«,|    ,,|    r.-ursr    the    maximum    «>r    mimmum    urn?   not   extreme 
figures,  I  nit  I  part  uf  a  gradua  and  «-aeh  series  eon- 
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10 


FICJ.  25?. — Range  upon  mean. 

m-r  an  equal  numhrr  of  units.     This  \v<»nld  \v«»rk  «> 

kneecap  series — 

54-32     22 
42      "4"2" 

in  thr  second  kneecap  series— 
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first 


m  tin-  thinl  k  i  icecap  series— 


2-5-1-4      I  in 

'- 


uce  was  now  made  to  Mr  (i.  Udny  N'ul.-\  Introduction  to 
th<  Theory  of  Statistic*,  and  it  was  found  that  the  experts  do  not 
"hjcct  to  the  use  of  the  arithnn-tic  average  or  mean  in  cam-ing  out 
calculations—  indeed  the  very  reverse  :  — 
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The  arithmetic  mean  should  invariably  be  employed 
unless  there  is  some  very  definite  reason  for  the  choice  of 
another  form  of  average." 

Hut  the  same  cannot  be  said  of  the  Range  or  maximum  less 
minimum  part  of  the  Difference  liinire  :  \\hich  is  ..p.  n  I,,  the  I'..||«,\N- 
ini:  trenchant  criticism  of  Kdny  Yule  : 

44  The  simplest  possible  measure  of  the  dispersion  «»f  a 
series  of  values  of  a  variable  is  the  actual  range,  i.e.  the 
difference  between  the  greatest  and  least  values  obser\«.|. 
While  this  is  frequently  quoted,  it  is.  .-is  a  rule,  the  \v«.rst  «,r 
all  possible  measures  for  any  serious  purpose.  There  are 
seldom  real  upper  and  lower  limits  to  the  possible  values  of  t  In- 
variable, very  large  or  very  small  values  being  only  more  01 
less  infrequent ;  the  range  is,  therefore,  subject  to  meaning- 
less fluctuations  of  considerable  magnitude  according  as  values 
of  greater  or  less  infrequency  happen  to  have  been  actually 
observed.  Note,  for  instance,  the  figure  showing  the  frequency 
distribution  of  weights  of  adult  males  in  the  several  parts 
of  the  United  Kingdom.  In  Wales  one  individual  was  ob- 
served with  a  weight  of  over  280  Ibs.,  the  next  heaviest  b<  IULT 
under  260  Ibs.  The  addition  of  the  one  very  exceptional 
individual  has  increased  the  range  some  80  Ibs.,  or  about 
one-fifth.  A  measure  subject  to  erratic  alterations  by  casual 
influences  in  this  way  is  clearly  not  of  much  use  for  compara- 
tive purposes.  Moreover,  the  measure  takes  no  account  of 
the  form  of  the  distribution  within  the  limits  of  the  range; 
it  might  well  happen  that,  of  two  distributions  covering 
precisely  the  same  range  of  variation,  the  one  showed  tin- 
alterations  for  the  most  part  closely  clustered  round  the 
average,  while  the  other  exhibited  an  almost  even  distribu- 
tion of  frequency  over  the  whole  range.  Clearly,  we  should 
not  regard  two  such  distributions  as  exhibiting  the  same 
dispersion,  though  they  exhibit  the  same  range  "  (p.  183). 

Thus  in  the  fig.  258,  the  total  range  (maximum-minimum)  of 
the  A  12  units  is  the  same  as  that  of  the  B  12  units,  but  the  dis- 
tribution in  A  clusters  more  closely  round  the  mean.  Or  the  dis- 
tribution may  be  different,  not  clustering  towards  the  mean,  but 
towards  an  extreme — as*in  the  distribution  of  wealth  in  Britain  to 
five  out  of  the  forty-five  millions  of  the  population. 


I    III         I      \\\        III          \(      |    I 


I  I   •, 


I  lint     <|lllte     klMM'k     ..lit      thr     sl||||ilr      1) 


I  .'  :    I    nits 

Mean  of 


hut    it     iiru.-s    us    t.i    i.M.k    !  .  nlyiomen 

n   is  ait.  in.  al.  U%  based  <*u  all  tin  (i..ris  made,  to 

'     li<>    single    observation     •••m  an     unduK      |iH|ioi,il, 

mllii*  nit. 

\  I  \      Yule       all<l    I  knou     Ills    siihject 

this  ..MM  is  luitiii.  -d  i,\  t         -   Bdafd  Deviation  "  method  of  estui 
i  spread  of  a  series  of  units. 


—  «- 


ilUiiiOftftT*?*)!. 

I    I    I    I  I        Mill 


I  I  I  I  I  I  1  I  I  1  II  I 


•     • 


•     • 


.union  of  two  aortai  of  uniu. 

th-  iii.-ji-.  v.ir.U  th.- 


'/'/      ^  Deviation  M<th',tl. 

I  he    standard    deviation    possesses    the    majority   at    least     ••! 

th<     properties    \\hirh    are    d«-sirahlc    m    a    mea^  .on.       It 

is     :  it     is    hasc.i    mi    all    the   observations    made;     it 

aleulated    \\ith    reasoiiahle    case;      n     |.  nds    itseli     n  adii\     t-.    alge- 

brai  ^tmeiit  :    ami    it   is  tin-  measure  least  affected  by  flurt 

tioiis  ..i  sampling  "  i  p.   143). 

That     being    lO,    let    us    m    ul.at    this       Standard    Deviation" 
method    is  : 

The  standard  d«\iati..n   is   the   s.juan    io,,t   of  the-  arith- 
metic mean  ••!'  tiic  squares  <»f  all  d 


tioM,    tin-    arithmetic    nu-aii    ot     the    obst-r 
I  i    deviation   he   noted   h\    S.I).,  and   a  «i 

u   tin-   arithmetic  mean   l»\     /.   tlu-n    the   standard  deviation 

Is    ._M\  ,-h    |,y    the    eijllat  io|| 
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"To  square  all  the  deviations  may  seem  at  first  sight  an 
artificial  procedure,  but  it  must  !><•  rememhered  that  it  \\<»uld 
be  useless  to  take  the  mere  sum  <>l  the  deviation  in  order  to 
obtain  a  measure  <>)  dis|>rrsi,,n.  sinee  this  sum  is  necessarily 
zero  ii  deviations  be  taken  iv. »m  the  mean.  In  order  to 
obtain  some  quantity  that  shall  vary  with  the  dispersion  it 
is  IK •(•( -ssary  to  average  the  deviations  by  a  process  that  treats 
them  as  if  they  were  all  of  the  same  sign,  and  squaring  is  the 
simplest  process  id  eliminating  signs  which  leads  to  results 
of  al^ehraieal  e<  m\  <  niefice  "  (p.  181). 

Iii  other  words,  if  one  were  to  take  merely  the  deviations  from  the 
1 1 1«  aii-value,  the  plus  figures  to  the  one  side  would  neutralise  the 
minus  figures  <>n  the  other  side;  2  would  neutralise  —2;  so  we 
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Fio.  254. — To  opposite  sides  of  mean. 

square  (2)1  and  (-2)*,  add  them  together,  do  the  calculation,  and 
then  finally  extract  the  square  root  at  the  end  of  the  calculation. 

What  the  method  comes  to  is  this.  First  find  out  the  average 
value  of  your  series,  then  find  the  amount  of  difference  of  each 
unit  of  the  series,  and  add  up  all  the  differences  in  number,  after 
taking  care  to  bring  them  all  to  the  same  sign  by  squaring  them  : 
this  gives  the  sum  of  the  differences  squared  ;  then  divide  this  total 
sum  of  differences  by  the  number  of  units  in  the  series  ;  and  seeing 
this  calculated  figure  has  been  reached  through  squaring,  it  has  now 
to  be  reduced  by  extracting  the  square  root.  The  method  may  be 
stated  in  the  following  four  stages  :— 

1.  Determine  the  mean-figure  of  the  series. 

2.  Determine  the  difference  from  the  mean  in  both  (plus  and 

minus)  direetions  for  every  individual  unit  on  the  series. 
8.  Square  the  figures   of    all   the   differences,  multiply  each  of 
these  figures  by  the  frequency  of  the  corresponding  unit, 
sum  all  up  the  quotients,  and  divide  by  the  total  number 
of  units. 
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4.  Take  the  square  root  :«  Milting  n. 

Where  -  liff»-r»-n«-f-  of  eaeh  unit  from  the  mean, 

S  -   summati    M 

N-the  number  -.1  .nuts  H,  the  scries, 
ai  1.  1     S.I),     tl  deviation, 


, 
N 

II.  is  Standard  Deviation   method    looks   dreadfully  ditlieult   on 

.    ».  ut     it     is    really    not     s<i    had. 

Hut  suppose  we  manage  in  this  way  to  calculate  «mt  the  degree 

•n  and  spread  of  100  or  400  bones  t<»  tin  two  sides  of  the 

are  we  t     «-ompan-  the  spread  of  this  series 

i.  .HI    \\ith   the    distribution   ,,}   another  from  iU  mean? 

II    •••   can  "•    <"Hi  pare  a  series  of,  say,  our  4OO  kneecaps,  some  4 

'imrtres   |OIIL-.   \\ith    that    ot    thiu'h  bones  some   40  eentimetres 

I-.H-.  or  \\ith  the  length  of  leaves,  or  with  the  stature  of  living  men 

an.  I   \\oinen  ? 

This   is   easily   managed    by   expressing   the   standard  -deviation 
figin  nni  "t  th«   average-value  of  each  series  of  measurements, 

;  thru,  in  ..nl.-r  to  present   tin-  result  in  a  clear  way,  to  express 
•••Milt  in  percentage  trrms.     Thus  : 

stan.lanl  iii  \iation 

The  difference-figure  =  -  -  x  100, 

The  mean  figure 

or  D-F=?-~Pxl(K>, 

M 

and  this   D  —  F  based  on    the  standanl-<l«  -\  lahoii   inctluHl   is    tin-    "ii- 
generally   n  te  work;    it  is  usually  written    not    1)  I 

I  nit.  for  short,  V. 

II  \\    odt  nined   tin-   tirst    I.  it    »\    kit.   a   reliable   method  of 

and  contrasting  the  differenees  «»f  tissuc>.  1<  t  ns  pro<-e  <  d 
to  t«  -st  tli'  tli.-ory  of  strain,  to  ascertain  whether  it  is  in  real  accord 
\\ith  tact.  The  tests  of  erefy  theory  are:— 

i     I  <\|>la  i  n  all  known  facts  and  to  meet  all  objections. 

2.  Its  applieability  as  an  instrument  of  researeh. 
8.  The  power  of  predict  i  on. 

b)  tai  t  IK  most  searching. 


•-MS 
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Th<-  theory  is  that  strain  in  tissue  st i initiates  an  increased  diver- 
gence from  the  mean-value  of  that  tissue.  The  test  is  tin  production 
that  the  difference-figures  of  the  human  body  would  be  ln^h.-st  at 
the  points  of  especial  strain. 

And  lirst  test  the  theory  from  the  negatixe  standpoint.  The 
kneecap  is  a  Ix-nc  m  which  the  strains  are  lairlx  <  \<  nl\  spread,  and 
il  this  is  so,  the  difference-figures  for  length,  breadth,  and  thickness 
should  all  work  out  pretty  equal.  So  the  measurements  for  the 
kneecap,  as  already  stated,  wen  calculated. 

All  the  calculations  were  carried  out  by  Mr  John  Don^all.  mathe- 
matician, of  Glasgow.  The  calculations  of  the  mean-figures  and 
difference-figures  in  the  400  kneecaps  were  these :—• 


M. 

D   1 

I.  . 

401 

B    . 

4  18 

93 

D    . 

1-97 

9-9 

Though  the  mean-figures  are  different,  the  difference-figures 
work  out  almost  to  an  identical  figure.  This  makes  us  think 
that  the  difference-figure  is  reliable,  being  independent  of  the 
mean-figure. 

In  this  case  the  strain  is  fairly  similar,  and  we  get  similar  <  1  i  !f<  rcnce- 
figures  ;  so  if  in  another  case  the  strain  is  different,  there  ought  to 
be  revealed  a  dissimilarity  in  the  difference-figun -s. 

The  Thigh  Bone. — But  next,  were  there  any  points  in  any  of  the 
bones  where  especial  strain  occurs  ?  Nature  always  tends  to  equal  is< 
strain  and  distribute  it  from  one  part  of  the  body  to  another,  and 
from  one  part  of  a  bone  to  another  part,  and,  after  distrilmtion  has 
been  going  on  for  thousands  of  years,  it  is  doubtful  whether  any 
differences  will  be  disclosed,  even  at  specially  strained  points.  Yet 
there  was  one  point  where  possibly  Mother  Nature  would  give  her- 
self away,  so  to  speak — namely,  at  the  neck  of  the  thigh  bone,  for 
there  is  an  excessive  strain  at  that  point. 

The  shape  of  this  bone  is  shown  in  fig.  255.  It  is  one  of  the  I'-mi 
bones ;  its  rounded  head  rests  in  the  hip  joint.  It  will  be  ol>ser\«  d 
that  it  is  bent  near  the  head  ;  this  upper  bent  portion  is  called  the 
neck.  The  reason  the  bone  is  bent  is  to  allow  of  swinging-round 
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-jr.* 


<Hi'  nt  -,i|i.  as.  for  instance,  m  •  (cation*!  football*  r 

>i   th.  i.  i  f'.iin.l   i...i.|   on  a  htntitfht  shaft 

v\h..|.    IniiK  \\onM  iio  n  roiiiul  Iik«  a  Hail,  just  hU.  the  ball- 


v/rrt*  cou^tt 


TltCK 


15MAFT 


UOWtR  COVPUB 


Pio. 


.   256.  -^bowing  bow 
UiethithbaMfeoam- 


Pio.  2M.— The  human  thigh  bone  and  a  foot-rule. 


from 

earth  from  below. 


s.M-k.-t  DdovemenU  of  the  arm  at  the  sl  n  tlu-  «.tln-r 

lian.l.  i:  units  \\  nt  r»|  by  the  formation 

of  a  hinge  joint  hk<    the  elbow,  the  leg  would  always  move  straight 

haekwanU  and  forxvanU.  and  tin-  tiirniiii;  nit>v«-ni«-nts.  a-  ••!  th«-  i".«.t- 
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bailer,  would  be  quite  impossible.  So  to  secure  (1)  rigidity,  and  cj) 
turning  and  swinging-round  movements,  Nature  has  resorted  t<» 
the  dodge  of  providing  the  thigh  bone  with  a  distinct  neck.  This 
neck  enables  man  to  swing  his  legs  in  a  wide  circle  away  from 
his  body  without  falling;  it  secures  him  both  stability  and  variety 
<>f  movement. 

But  these  advantages  are  bought  at  a  price.  A  reference  to  fig. 
256  will  illustrate.  The  weight  of  the  body  is  resting  mi  the  head 
(II);  the  counter-resistance  from  tin-  jri-mimi  upwards  is  transmitted 
Up  the  shaft  (S)  ;  the  neck  therefore  f..rnis  an  <>Mi<|u<-  arm  hetw.-rn 
a  couple  (1)  acting  from  above  and  a  couple  (»j)  thrust in^  fn>m  hel<»\v. 
A  glance  at  the  diagram  is  enough  to  reveal  to  us  that  the  in  < -k 
of  the  thigh  bone  is  subject  to  an  excess  degree  of  strain.  One 
does  not  need  to  be  read  in  the  principles  of  mechanical  engineering 
to  appreciate  the  point.  To  put  the  matter  m  simplr  terms,  tin-  neck 
is  forced  to  bear  not  merely  the  direct  vertical  weight  of  the  body, 
but  is  subject  to  an  additional  transverse  strain  as  well.  Nature. 
as  will  be  indicated  below,  has  tried  to  arrange  to  meet  this  ex< 
of  strain.  But  nevertheless,  as  the  neck  is  shorter  than  tin-  shaft 
and  forms  a  more  transverse  bend  of  the  bone  than  does  tin  shaft, 
it  should  follow  that  the  strain  per  cubic  content  at  the  neck  is 
greater  than  the  strain  per  cubic  content  at  any  other  part  of  the 
bone. 

Now  it  is  usual  in  mechanics  and  engineering  to  describe  strain 
under  various  headings — tension,  compression,  and  so  on.  If  we 
take  a  beam  and  load  it  with  a  weight,  we  may  set  up  such  a 
reaction  as  in  fig.  257. 

This  reaction  is  termed  a  bending  moment.  But  if  tin 
reaction  be  of  the  sliding  kind,  as  in  fig.  256,  or  as  when  we 
set  our  hand  upon  a  packet  of  cards  and  slide  the  top  upon 
the  bottom  half,  this  reaction  is  called  the  "  shearing  "  moment. 
The  bending  reaction  may  be  further  resolved  into  (1)  ! 
of  tension,  (2)  force  of  compression  ;  this  may  be  illustrated 
by  taking  a  green  bough  and  bending  it  over  one's  knee  ;  the 
skin  on  the  one  side  becomes  stretched,  on  the  other  it  becomes 
compressed  into  wrinkles.  A  peculiar  combination  of  tension. 
compression,  and  shearing  is  torsion,  as  when  one  takes  the 
bough  of  a  sapling  and  twists  it  round  and  round. 

Now,  all  three  of  these  reactions  occur  at  the  neck  of  the  tlii^li 
bone;  thus,  a  bending  process  is  seen  when  in  certain  exceptionally 
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plastic  an«l  soft  bones  the  neck  is  push,.!  h\  the  Bright  ,,r  the  body 

•i  tl>.  ..MI.J.I,   to  a  trans  verse-  position  :  a  shearing  process  cai» 
illustrated  when,  as  n--t  mt'n  «|u. -nti>  in  .»ld  age,  the  neck  fractures; 

a  torxiun  process  is  evidenced  by  tin-  lim-s  of  twist  III  the  necks  -.1"  man) 

'h   I  nines.     But  not  one  of  these  reactions  can  be  in  practice 

isolated  and  considered   separately,    tn.ni   tin-  others,   ami   l-.r   a    -m.pl- 

reas  "i\.  tin-  .ff«.-ts  ..t  tl..   u.i^ht  ..t  the  I,,H!\  upon  tin-  i 

are  i»"t    hunt.  . I   t..  tin    m  ek    l»i-  .nsiiiitted  also  down  the  shaft, 

thus  rendering  precise  estimation  . .f  tl..    mechanical  strain  to  any 

p.. int   <pnte   imp..ssil,li  .      H,  n. In. L'.  slii-aniij».  and   t«.rsi«.n   an-   lint 

t  In.  .  ••!  tli.  tenm  \m  <i  m  I.J..  MM,-  1 1,,  rcsponseoi  «  uumeering material 

t"in.  r;  :     it   ..i,.  lig  books.  IIUIIMTOUS 


' 

Pio.  157.— To  illustrate  the  difference  between  bending  and  •hearing. 

points    will  appear.      These   mmnte   considerations.   } 
are  of  no  use  m  the  ease  ,,f  a  bone.      For  over  the  thousands  of 
•hit  ion  the  bones  have  compensated  for  strain,  and  dis- 
trihuted    it    from    QDC    point    to   another   of  from   one  age  of  life  to 
?her  m  s,,  man)   \\a\s  as  completely  to  baffle  precise  estimation. 
a  perpetual  excess;   and  Nature  dealt  with  the  excess 
up   in    the    neck    of   the   thigh    bone    m   such    obvious 
ys  as  :— 

(1)  The  shaft  of  the  thigh  bone  of  man  does  not  run  straight  up 
and  down,  but  is  directed  inwards  as  well  as  downwards, 
as  can  be  seen  by  watching  any  woman  walking  in  the 

street.  A  moment's  consideration  ,,f  n^.  •„'/>;>  mdieates 
that  this  inward  tilting  will  relieve  the  neck  of  the 
femur  of  some  of  its  excess  strain  and  distribute  it 

to     the     shaft. 

(•-M  The  I.,  ton  .backwards  flattening  seen  m  the  neck  of  the  thigh 

bone  is  not  confined  to  the  neck,  but  r\ten«U  ,|,,\\n  tin- 
shaft.  Indeed,  in  a  few  bones  this  flattening  of  the  shaft 
m  continuity  with  that  of  the  neck  is  so  marked  as  to 
give  the  whole  bone  not  only  at  the  neck  but  also  right 
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down    the    shaft     a     llattened.    sciiuitar-lik<      I',. nil.       These 

cases  indicate  that  the  strains  of  bending,  shearing,  and 
torsion  are  not  confined  to  the  neck,  but  extend  also  t<> 
the  shaft  as  well. 

And    \vr    must    not    think    that    this    distribution   of   strain    !i<»m 
place  to  place  is  limited  to  the  thigh  bone  either ;    it  probably 

affects  also  the  lower  leg  right  to  t  In- 
fect and  above,  the  hip  cavity,  the  hip 
bones,  and  even  the  spine  and  IK  id  its,  n. 
We  cannot  think  of  the  thi^h  b«nr  as 
an  independent  entity  isolated  fmm  the 

I  neighbouring  structures. 

The  question  at  once  arises,  1 1 .  i  s 
Nature  succeeded  in  effecting  com/tlffi- 
compensation ;  has  Nature  managed  so 
to  distribute  strain  as  to  prevent  an  ex- 
cess of  strain  occurring  in  any  one  point. 
e.g.  the  neck  ?  Obviously,  if  the  distribu- 
tion of  strain  has  been  successful,  t In- 
difference-figures for  the  various  parts  <>t 
the  thigh  bone  will  be  practically  the 
same,  just  as  in  the  case  of  the  kneecaps  : 
whereas  if  Nature  had  just  failed  to  effect 
complete  redistribution  of  strain,  then  t  In- 
difference-figure for  the  neck  will  not  be 
the  same  as  for  other  parts  of  the  thigh 
bone,  but  will  be  different. 

Excess  of  Strain  at  Neck  of  Bone.— 
Now,  though  Nature  has  had  such  a  long 
time  to  effect  compensation  of  strain  between  neck  and  shaft, 
the  following  considerations  indicate  that  complete  compensation  is 
unlikely,  and  that  an  excess  of  strain  is  indeed  set  up  in  the 
neck  of  the  bone  :— 

(1)  The  mechanical  difficulty  (already  noted)  that  the  neck  of 

the  bone  constitutes  the  crank  or  arm  between  the  we  i  LI  hi 
of  the  body  from  above  and  the  answering  upward  thrust 
from  the  ground  and  foot. 

(2)  The  interior  of  the  neck  is  provided  with  a  specially  strong 

series  of  bony  girders  to  bear  the  strain.     If  a  thigh 


J.-.8.— A  normal  thigh  borte 
(left).  A  sideways  flattened 
thigh  bone  (right). 
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be  section*-*!,  th.    shaft  is  seen  to  be  a  hollow  < 

!>nt   a->  MMI  »t   upward*  into  th.    n.  ,-k  one  tee*  a 

mas^    of     mt«  rlacllitf    IH.IIV    tfirders     h«.n«  \  r..inhin^    th.     in 

:  fi..   ni-ek  in  all  dn.etioiis.     It  can  even  be  seen 
that  these  I  (ruts  arc  arranged  in  th<  f<,rin 

i.  In.it.     an-i  '!••     «-s|M-ciiil    sti 

>«•   arclirs   an     "  sniiml  "    H.MII    a    inathrinatical   jx»inl 


(Af*r  Wdff.  rw,  Jf/yrr.  « 

J50.—  Sccii..,,  ,.f  upixsr  end  of  thigh  bone,  allowing  th«-  thin 


new,  and  l>.  III.T  \vatVr-likc  in  th.ir  thinness,  effect 
th<-ir  |inr|Hisc  iifstn-ii^tlu-iiin^  with  a  iniiiiiniiin  of  material. 
Sunn-  of  these  IMUIV  arches  are  so  important  as  to  n  r.  i\. 
-l>«,  i.,l  nanit-s.  The  bony  arches  in  the  interior  of  the 
IM.IM-  an-  r«  |>r.  s.  ute.l  in  \\^.  '.'.Vi. 

(8)    I  k  of  the  bone  oft<  nrrs  in  old  age.     Thus  an 

•  !•!•  il\    lady    may    be   walking   downstairs,    feel    herself 

suil«leiil\    stinnl.l,  ,    ami    then    tall.      The   neek   of  the   hone 

should  always  be  looked  to  in  these  cases  :  it  is  often  found 

to  have  hn.ken.     It  is  jiroliaHc  -that  in  many  sueh  instances 
it   is  not   the  stunil.lt    that   hreaks  the  »>one.  but  the  break 
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that  occasions  the  stumble.  But  whatever  the  expianat  i.  m . 
the  fact  is  known  even  to  a  first-year  medical  student 
that  the  thigh  bone  of  the  aged  is  exceedingly  prone  to 
give  way  upon  slight  violence  at  the  neck  rather  than  at 
other  parts 

Therefore,    whether    we    consider    the    external    contour,    tin 
internal   sinn-tun-.  or  the  yielding  of  the  neck   in  old  age,  u«    are 
impelled  to  believe  that  strain  falls  specially  heavy  at  tin    neck   of 
the  thi^h  hone. 

And  as  the  strain  would  thus  appear  to  be  greater  at  the  neck  «»( 
the  thigh  bone  than  in  the  rest  of  the  bone,  we  would  expect  to  find 
the  difference-figures  of  a  series  of  neck  measurements  to  be  higher 
than  a  series  of  measurements  made  at  any  other  part  <>f  the  l>«.ne. 
That  is  a  prediction  made  on  the  theory  that  there  exists  a  relation 
between  the  degree  of  strain  in  a  tissue  and  the  changes  that  tissue 
displays. 

It',  on  the  other  hand,  the  facts  are  found  not  to  corroborate  tin- 
prediction  or  to  contradict  it,  we  are  bound  either  to  declare  the 
prediction  unproven  or  to  declare  it  false. 

Let  us  put  it  to  the  test.  Let  us  measure  a  series  of  thigh  bones 
at  the  narrowest  points,  (1)  of  the  neck,  (2)  of  the  shaft  in  its  middle 
third.  And  let  us  do  this  in  500  specimens,  which  is  a  good  round 
figure.  And  let  us  calculate  out  the  results,  not  for  the  whole  500, 
but  for  each  hundred  separately;  for  this  will  surely  test  our  pre- 
diction to  the  uttermost. 

The  difference-figures  for  the  narrowest  neck  measurement  and 
narrowest  mid-shaft  measurement  were  as  follows  : — 


Neck. 

Shaft. 

1st  100 

10  1 

7-7 

2nd  100 

0-9 

9-1 

3rd  100 

10-5 

8-7 

4th  100 

12-8 

10-7 

6th  100 

10-3 

8-7 

The  figure  for  the  neck  hundreds  is  higher  than  the  figure  for 
shaft  hundreds  in  every  case.     And  the  prediction  is  supported. 
It  is  well  to  note,  also,  that  this  difference  of  the  necks  f'n.m 
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shafts  is  quite  independent  of  the  average-figures,  which  are  not  in 
higher  i<>r  t  he  necks,  but  only  in  two  out  of  the  five  :— 


N«*. 

Shaft. 

,  ,,, 

J  -JT 

1!   Is 

1 1  ncc  we  conclude    that    the   difference    in    the   difference-figures 
i"  7  as  against  nearly  9-0)  is  not  an  accidental  one,  but  due  to 

siUlli-    rcas.ui. 

I    r  on  the  Law  of  Chance  it  was  possihlr,  not  to  have  5  to  0  all 
one  way,  but  5  to  0  against ;  an<l  t  In  -,• mi^ht  have  been  one  exception, 

and  the  e\ee|>ti..ii  nnu'ht  have  fallen  out  in  the  following  ways  :— 


1     0 

i     Q 


1     0 
1     0 


0     1 


0  1 

1  n 


1     0 
0     1 


0  1 

1  0 


0     1 

n    1 


0     1 

0     1 


»»  or  1     0  or  0     1  or  1     0  or 


1     0 

o      I 


0  1 

1  0 


0  or  0     1  or  0 
0010 


i     0  or  0     1  or  0     1 
101         1001 


10       01        01        01        01        10 


\     1  then-  NNen    still  more  pMssiliihtics  when  the  pussihle  arrange- 
in,  i.ts  ,,f  two  excepti-ns   ^  e.-nsidcred.     In   sh..rt.   there  were  five 
Croups    of   two    possihilitie*   each  ;     the    number   «»f  chances    |,.,,xih|« 
was  th.-n -fore  2*  (two  to  the  fifth  power,  as  we  used  to  hear  when  at 
behool)=82.     Then-!',  .re,  on  the  Lav,   <>t  (  li.nu-e  it  was  81  to  1  against 
the  results  panning  out  as  they  did,  namely,  5  all  to  one  side  and  none 
•gainst.     And  seeing  each  <>f  th<  diffm -nee-ti-  :>ased  \i\yon  100 

ineasun UK nts.  one  is  led  to  the  opinion  that  m  the  difference  between 
these  two  sets  of  figures  we  were  face  to  face  \\ith  s<>m<-  purposeful 
trend  or  tendency  in  tissue  running  counter  to  the  Law  of  Chance. 
there  was  a  reason  for  this.  To  what  other  reason  than  that 
tin  n< -ek  "i  tli.  lx>ne  bears  an  especial  degree  of  strain. 

So  far  our  preliminary  test.  We  have  scaled  so  far.  But  just  as 
the  alpine  climber  goes  up  roped,  so  let  us  take  further  help  and  test 
still  furt ' 

Accord ii»ur I >  Miss  Margaret  Scrymgeour  of  North  Berwick  carried 
i  (MM)  measurements  on  the  ancient  Kgyptian  bones  lying 
Ige,  while  the  calculations  were  made  by  Mr  John  Dougall 
as  before. 

15 
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1  i\<  hundred  of  the  thigh  bones  were  broken  at  the  upper  or 
lower  ends,  but  were  still  measurable  for  neck  and  !<>r  shaft.  Hu- 
mid-shaft being  estimated  as  closely  as  possible  by  the  eye.  The 
inaJMi-ity  < >f  the  t hijrh-bones  were  intact,  however. 

The  measurements  are  set  down  in  <•< -nt imetn-s.  the  si/.e  of  \\hieh 
is  compared  with  an  inch  in  figure.  The  numbers  for  the  necks  SUM  I 
f.T  the  shafts  are  set  back  to  back  for  sake  of  clearness  :  first l\. 
the  1085  unbroken  bones,  then  the  480  broken  ones. 


THICK  BONES. 


1st  100. 


Neck. 

Mid-shaft. 

cm. 

1 

1-8 

.  . 

7 

1-9 

1 

18 

2-0 

13 

15 

2-1 

13 

18 

22 

18 

9 

23 

19 

12 

2-4 

15 

9 

2-5 

9 

8 

2-6 

10 

2 

2-7 

1 

1 

2-8 

29 

1 

2nd  100. 


Neck. 

Mid-shaft. 

cm. 

1 

1-7 

3 

1-8 

1 

8 

1-9 

.  . 

16 

2-0 

2 

10 

2-1 

19 

12 

22 

26 

11 

23 

18 

13 

24 

15 

13 

25 

10 

8 

2-6 

7 

4 

2-7 

2 

1 

29 

Neck. 


2 

5 

17 

22 

15 

7 

1 

14 
7 


:;,,!  100. 


Neck. 

Mid-shaft. 

cm. 

2 

1-8 

1 

15 

1-9 

1 

28 

2-0 

13 

15 

2-1 

22 

17 

2-2 

21 

5 

23 

22 

10 

2-4 

11 

6 

2-5 

7 

1 

2-6 

1 

2-7 

1 

i 

2-8 

4th  100. 


cm. 
1-8 
1-9 
2-0 
2-1 
22 
2-3 
2-4 
25 
14 
2-7 


Mid- 


1 
1 
8 

22 

10 

23 

16 

12 

5 

2 
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BONES—  continued. 


NY.K 

M,,i   .hall                      N.-.  k 

M   .  ...,n 

.  in 

.  n 

,-i 

I 

In 

1 

1    •» 

i 

1A 

Jn 

9 

3 

11 

2-1 

M 

14 

2-0 

12 

N 

Is 

9 

21 

14 

IT 

23 

IT 

14 

2-2 

IA 

A 

24 

1ft 

13 

•2  | 

13 

3 

9 

16 

24 

M 

.. 

2-6 

13 

2ft 

16 

6 

2-7 

1 

4 

3 

1 

.. 

2 

2-7 

1 

1 

J    N 

1 

1 

2-9 

1 

6th  100. 

9th  100. 

Neek. 

Mid^haft. 

Neek. 

MI  i  nail 

'2 

cm. 

1    s 

1 

on 

9 

1    •' 

8 

1 

1  7 

12 

IT 

3 

1   x 

i 

15 

•2   1 

ia 

ft 

1  •' 

2 

II 

•2  J 

16 

8 

2-0 

ft 

1ft 

19 

•2  1 

1ft 

| 

11 

I  •> 

g 

1ft 

n. 

M 

| 

J  i. 

j 

12 

24 

IT 

•2  7 

1 

12 

12 

2 

1 

8 

M 

I 

2- 

•*_•           •  f\J\ 

10th  100. 

,  th  100. 

Neck. 

M.-i 

Neek. 

MkUbtlt 

QOL 

^—  ^—  —  —  ^—  i^— 

•  •in. 

1 

1  - 

14 

2 

1-8 

1                      1  7 

1 

ft 

19 

1 

18 

ft 

8 

2-0 

8 

1 

19 

10 

13 

•2  I 

IT 

20 

18 

13 

12 

18 

•2  \ 

M 

1 

M 

17 

1ft 

12 

16 

24 

18 

4 

•2  :i 

ft 

In 

HI 

9 

8 

•J  i 

9 

11 

26 

6 

" 

1 

2-7 

5 

6 

2-6 

in 

1 

2-8 

4 

6 

2-7 

3 

1 

2-9 

1 

2-8 

1 

3 

30 

1 

2-9 

1 

31 

1 

8-8 

1 

3-2 
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THIGH  BONES — continued. 


lltli  100(85). 


Nook. 

Mid-shaft. 

cm. 

1  '.' 

1 

20 

1 

2-1 

6 

22 

8 

23 

10 

17 

2-4 

20 

17 

2-5 

19 

13 

2-6 

9 

5 

27 

6 

6 

2-8 

1 

6 

2-9 

12th  100  (broken). 


Neck. 

Mid-shaft. 

cm* 

1 

1-7 

.  . 

2 

1-8 

.  . 

5 

1-9 

.  . 

14 

2-0 

11 

18 

2-1 

15 

18 

22 

17 

17 

23 

22 

10 

24 

19 

9 

26 

12 

4 

2-6 

1 

2 

2-7 

3 

13th  100  (broken). 


Neck. 

Mid-shaft. 

cm. 

1 

17 

.  . 

6 

1-8 

.  . 

6 

1-9 

2 

15 

2-0 

7 

13 

21 

22 

25 

22 

16 

12 

23 

18 

6 

2-4 

22 

10 

25 

6 

4 

2-6 

6 

1 

2-7 

1 

1 

2-8 

•• 

Nil.  100  (broken). 


Neck. 

Mid-shaft. 

cm. 

3 

1-8 

.  . 

10 

1-9 

2 

19 

2-0 

10 

18 

21 

14 

12 

2-2 

27 

17 

23 

14 

9 

2-4 

26 

9 

2-5 

4 

1 

14 

2 

1 

27 

1 

1 

2-8 

.  . 

15th  100  (broken). 


Neck. 

Mid-shaft. 

cm. 

1 

1-5 

. 

1 

1-7 

.  . 

4 

1-8 

1 

5 

1-9 

2 

10 

2-0 

9 

18 

21 

16 

14 

22 

18 

13 

23 

15 

16 

2-4 

21 

11 

2-5 

12 

6 

2-6 

5 

.  . 

2-7 

1 

1 

2-8 

.  . 

16th  100  (broken). 


Neck. 

Mid-shaft. 

cm. 

4 

1-9 

, 

9 

2-0 

I 

12 

21 

9 

15 

2-2 

25 

8 

23 

12 

11 

2-4 

12 

10 

25 

9 

6 

2-6 

8 

4 

2-7 

1 

1 

2-8 

2 

1111     I   \\\    01      M  I  I  MTV 


Next  c  tli*    difference-figures  calculated  for  these  results. 

The  first  t  Im.-  to  note  is  that  the  difference-figures  at  the  upper  < 
MM-  neck,  arc  higher  than  those  f«»r  either  tin-  nu<i<il<-  «.r  the  lower 
end  .  .1  the  bone*.     This  may  be  tabulated  thus  :  — 


Shalt. 

IxH^End. 

100 

in  1 

8-7 

M 

2nd  100 

II  :» 

75 

70 

100. 

M 

83 

4th  100. 

06 

82 

8-0 

5th  100. 

II  .. 

7-7 

7-6 

6th  100  . 

In  J 

0-7 

80 

100. 

133 

118 

112 

8th  100  . 

108 

02 

8-6 

9th  100. 

102 

7-8 

8-2 

loth   HMI 

1L".» 

0-7 

104) 

llth  100  (85) 

00 

7-2 

82 

Average                   ... 

10-7 

8-8 

8-7 

So  that  while  tin-  difference-figures  for  mid-shaft  and  lower  end 
an-  sometimes  lower  and  sometimes  higher,  and  come  «.ut  <.n  tin- 
average  practically  identical,  the  difference-figure  for  the  neck  is 
appreciably  higher  all  through. 

In  addition,  these  are  the  figures  for  the  broken  bones  :— 


Neck. 

Shaft. 

12th  100    . 

03 

7-5 

h  100    .                                                102 

14th  UK)    ...                                  0-6 

:  i 

L.th  100    .                 .                            104 

81 

16th  100  (80)     . 

78 

Average  for  five 

0-8 

7-6 

The  important  point  about  all  this  is  not   the  dr  l>etweeo 

calculated  figures  for  neck   and   shaft,   hut    the   fact    that    the 

difference   is  always  and  tri/Aou/  reception  on  the  one  side    higher 

for    the    neck.      The    difference-figure    f<>r    the    neck    of   the    bone 


•J.'iO 
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exceeds  that  of  the  shaft  in  16  out  of  a  16  possible  :  on  the  Law 
of  Chance  this  would  give  us  a  216  (two  to  the  sixteenth  power) 
number  of  different  possibilities,  i.e.  no  less  than  65,586.  The 
chances,  therefore,  against  these  results  being  accidental  are  as 
65,585  to  1.  Hence  it  appears  that  these  thigh  bones  possess  a 
tendency  that  cannot  well  be  explained  on  the  Laws  of  Chan« •«  . 
and  must  therefore  indicate  n  purposeful  trend  in  tin-  lives  of  the 
ancient  Egyptians  measured. 

A  glance  at  the  diagrams  for  the  second  hundred  will  d..  m..n- 
than  pages  of  explanation  to  indicate  that  a  typical  difference-figure 
means  an  extension  of  a  series  to  opposite  sides  of  a  mean-value. 


htCK 


FIG.  260. — Units  of  the  2nd  100  thigh  bones  measured 
for  neck  and  mid -shaft,  and  the  measurements 
arranged  back  to  back  in  centimetres. 

The  greater  aggregation  of  the  shaft  figures  about  the 
mean  is  beet  seen  by  regarding  the  figure  sideways. 


The  actual  figures  for  neck  and  shaft  are  plotted  out  back  to  back 
for  each  hundred. 

Various  Objections. — It  may  be  objected:    This  is  all  very  well, 
but  there  is  no  difficulty  in  seeing  how  the  difference-figure  for,  say, 
the  neck  of  the  thigh  bone  (the  part  bearing  a  special  strain)  is  high* 
than  that  for  the  shaft ;    some  of  these  Egyptians  were  fatter  ai 
heavier  than  others,  and  of  course  the  weight  of  a  heavy  man  wi 
fall  specially  heavy  on  the  neck  of  his  thigh  bone,  which  (thouj 
thinner  than  the  shaft  to  begin  with)  would  then  in  a  certain  numl 
of  cases  thicken  against  the  strain  it  had  to  carry;    therefore,  ov< 
a  series  of  necks  and  shafts  there  will  be  a  number  of  specially  thi< 
necks  (corresponding  to  the  heavy  men),  and  these  high  figures 
extend  the  range  and  pull  up  the  difference-figure  for  the  seriei 
necks  over  that  for  the  shafts. 

This  •  •Inert ion  is  a  shrewd  thrust,  but  it  fails  to  meet  the 
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The  neck   •  •!'  tin    tin^h   bones  is  n<>t    thin  to  begin  with,   hut  on 
average-  tln.-k.  r  than  th.   shatt.     Thus  111  hT  >"ung  bone*  (from  very 
you  ni?  up  t  16  yearn)  the  measurements  i-.r  neck  and  shaft 


Neck. 

Shalt. 

'    M  . 
1     U 

1 

1 

T 

2 

2 

3 

3 

U) 

'2 

i 

••• 

0 

A 

II 

8 

6 

II 

10 

7 

II 

12 

a 

10 

10 

I 

« 

•i 

1 

•2  \ 

6 

8 

•22 

2 

5 

2  :; 

.  . 

7 

25 

• 

Secondly,    if  the  higher  <Iiff<  n nee-figures  for  tin-   neck   in  adults 
re  due  to  the  inclusion  ..f  a  numh.T  "I  specially  thick  necks,  the 
rmgC  \alucs     M  ks  should  he  higher  than  those  for  the 

shal'ts.      Hut   the  contrary  is  the  case  : 


v- seven  bonae  are  not  enough  to  rest  any  definite  conclusion  on.  but 
these  figures  are  of  interest  to  the  problem  of  heredity  (cf.  p.  113).  The  ex- 
pectation was  that  the  difference -figure  for  the  i  Id  be  a*  in  the  adult* 
higher  for  the  strained  part,  the  neck,  thence  for  the  shaft.  But  the  actual 
figures  are  just  the  opposite  : — 

Mean.  DMbraoi  Oft*  - 

Neck        .  I  M  M  :: 

si  1-00  18-1 


Now,  why  are  the  units  of  this  series  of  young  bones  thus 

the  mean  at  the  necks  T     Why  this  retention  at  the  point 

U  it  not  because  the  child'*  tlugh  bone  is,  so  to  speak,  screwed  up  against 

it  has  to  meet  during  life  ?    This  screwing  up  was  inherited  from  the 

upon  the  thigh  bone  of  the  ancestors— a  strain  lAal  could  occur  only  during  /•/«. 


Hence  strain  in  our  ancestors  is  transmissible  to  ourselves,  strain  in 
is  transmissible  to  our  children.     Man  is  compensating  not  merely 
events  and  present  conditions,  but  aluo  againut  future  needs.     The  point 

further  nt 
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Mean  -value*  for 

Neck. 

Shaft. 

1*100 

223 

2-29 

2nd  100 

225 

229 

3rd  100 

2  13 

222 

4th  100 

222 

2-28 

5th  100 

220 

6th  100                        . 

224 

223 

7th  100               .. 

2  19 

2-18 

8th  100               . 

223 

2-28 

9th  100 

2-26 

230 

10th  100             .. 

234 

231 

llth  100 

247 

240 

iL'th    100 

2-22 

228 

13th  100 

2-19 

2-27 

llth  100 

2-18 

2-26 

ISthMOO 

223 

227 

16th*100 

2-28 

232 

Average  for  sixteen   . 

2-24 

2-28 

In  only  four  out  of  the  sixteen  possible  is  the  mean  for  the  m  <  k 
higher  than  that  for  the  shaft,  so  that  while  the  mean-figures  I'm-  tin- 
neck  are  lower,  the  difference-figures  for  the  neck  are  higher ;  thus  :— 


Mean  -figure 
(for  16  hundreds). 

Difference-figure 
(for  16  hundreds). 

Neck     .... 
Shaft     .... 

224 

2-28 

10-4 
83 

Now,  if  the  difference  between  neck  and  shaft  in  the  thigh  hone 
had  been  due  simply  to  some  heavy  Egyptians  having  possessed 
thicker  necks  in  their  thigh  bones,  then  obviously  these  thicker 
necks  would  raise  the  average-figure  for  the  necks  above  that  of  the 
shafts.  That  is  pretty  clear.  But  as  the  average  for  the  necks  is 
not  higher,  but  lower,  than  that  of  the  shafts,  we  may  conclude  that 
the  higher  difference-figure  of  the  necks  is  due  not  to  the  series 
spreading  out  in  one  direction,  but  to  the  series  spreading  out  to 
opposite  sides  of  the  mean-value  of  the  series.  That  is  a  diverge  IK  < 
of  the  series  away  from  and  to  opposite  sides  of  the  mean. 

This  result  is  important.  Although  at  first  sight  it  would  not  seem 
to  matter  a  jot  what  size  any  bone  or  series  of  bones  might  be,  no 
new  fact  -however  apparently  useless — should  be  neglected.  For 
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a  new  fact  may  be  the  germ  of  a  pn  •}..    principle  of  a  law. 

I  sists  us  to  discover  more  and  truer  thing*.     Never  weigh 

a  harvest    m   spring  :    MfW   r..unt    \..ur  chu-ki-iw  before  they  are 

1 1  Miininit.  nainrl) .  the  fact  that  at  th<  p.,mt 

of  a  IM.HN  tissue  where  strain  is  greatest  tl><  n   the  divergence  of 
is  also  greatest,  l« -t  us  m-\t  nKjuire  how,  or  on  what  princt 
tin-  ii,-,-k  ..i  tin   tissue  changes,  and  whether  its  changes  are  passive 
or  active.     Let  us  proceed  now  to  that  inquiry,  indeed  the  one  we 

It  I.,  in^r  nnjMis  r  .,ssi\  it  \  vcrtu*  Acti\  it\  by  absolute 

proof.  \\  Inch  would  necessitate  absolute  isolation  of  the  nmttrr  under 

HUM 


Fio.  261.-  1  Hunt  rat  ing  A  divergence,  but  not  to  opposite*  of  a  mean. 

test  H-. .n.  its  surroundings — and  such  an  absolute  test  is  naturally 
impossible — we  are  obliged  to  proceed  by  way  of  reasoning,  and  best 
!•>  way  of  question  and  answer. 

V    \\  baJ  is  r..iin.i  1 

A.  A  detinitf  r<  latiMU  hctwccn  the  special  strain  within  a  part  of 
a  bone  ami   the   difference-figure  at  that   part -that   is, 
between  special  strain  and  tin-  «-\tn»t  t«.  which  that  part 
of  bone  has  changed. 
V    \\      t  form  does  this  relation  take  ? 

/     Tin-  «liff«  r« -nce-figun-   is   increased — that    is.  there  has  been  a 
.h\«-r-:«-iM-«-  away  to  opposite    suh-s  of  the  mean-vain 
the  part   mrasuml. 

"iiM  tin-  r«  lation  have  taken  any  other  for: 
/.  Yes.     The  <hffrn  nee-figure  could  ha\<-  »>r<-n  increased— that 

is.  a  hold  toward^  th.  alue  of  the  part  measured. 

Q.  What  is  the  meaning  of  a  divergence  to  opposite  sides  of  the 
mean -value  in  the  case  of  a  bone  T 


TIM.    I  I!  I.    OF    MATT1.K 


A.  It  means  that  the  higher  measurements  are  higher  and  tin- 
lower  measurements  are  lower  at  the  point  of  speei.-d 
strain. 

(j.  Does  this  ineivasrd  lengthening  ami  diminished  shortening  in 
a  sen<s  M|  ln»nes  indicate  whether  the  bones  are  passi\« 
<>r  active  ? 

A.  Such  extension  of  a  series    in  opposite  directions    indie, 
activity  in  the  units  of  that  scries. 

<J.  How  so? 

/  For  if  strain  acted  on  a  certain  point  of  a  bone,  and  we  i«>und 
"iir  whole  series  of  measurements  longer  (-f)  at  this 
point,  this  might  be  a  passive  result ;  or  if  we  found  the 
whole  series  of  measurements  shorter  (  — )  at  this  point. 
this  might  be  the  passive  result  of  a  passive  change. 
But  when  we  find  the  bones  responding  to  strain,  some 
in  the  one  direction,  i.e.  increased  lengthening,  and  some 
in  exactly  the  opposite  direction,  i.e.  increased  shortening, 
there  must  be  .some  intermit  active  factor  which  is  translating 
internal  strain  set  up  in  the  bones  and  expressing  it  in  two 
opposite  directions. 


FIGS.  262,  263,  and  264. — To  illustrate  the  action  of  matter  in  opposite  ways 

at  the  same  time. 

Or  to  place  the  facts  in  diagrammatic  form,  let  M  be  tin- 
acting  form  of  matter  (in  this  case  bone),  S  the  excitii 
action  (in  this  case  the  weight  on  the  neck  of  the  bone] 
and  R  the  react  inn. 
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Now.  if  react  i..n  -i  tl  .     .  nrs  of  units  in  question  were 
all  in  tin-  •  thickening  or  plus,  as  in     1 

reaction  might  be  considered  a  passive  one.  Or  if  th« 
reaction  were  all  in  tl..  dn>  <  ti..n  *>i  narrowing  or  minu*. 
as  i  reaction  might  he  thought  of  as  pav 

Hut  it  the  body  M  thrown  nut  the  effects  of  strain  in  AM 
exactly  opposite  direction*  towards  plus  and  towanU  minus, 
as  \'  must  be  some  internal  aetivitx  within  th«- 

body  M  to  account  for  tins.     An\   other  «-..n  .n  is 

impossible  t<>  tin    human  mind. 

'  ,  in  Mutt,,.  -Hence  then   hes  \\itliin  the  bones 

ivity  bc\ond  the  reach  of  scientific  measure- 

its.     For  while  we  can  hope  to  estimate  a  quality  m  matt,  r  that 

r  a  series  of  units  reacts  «  -it  In  r  m  n  .  ah..tli.-r  dircc- 

ti..n.  it  altogether  Imlllcs  the  mind  to  (stiinat<    \\\  precise  and  flint 

is  a   «ju;ility   that    t  us  a   strain   in   t  ,ns  opposite 

to  eacli   "thn.     That  quality   is  activity  .     II  the   evidence  of 

activity  is  stamped  upon  these  ancient  KL'\  pt  ians'  Inuies.  and  as  there 
ap|M*aiN  no  reason  (<T  dissociating  the  ancient  Kgyptians  in  <pmlity 
•  »f  humanit  \  ii'-ni  ounetvw,  we  attain  the  t'»>||<»\N  ini:  conclusions  :— 


i      I        human  bones  possess  some  internal  (juality  which  can  be 
comprehended  by  the   mind    hut   cannot   be  expressed   iii 

the  finite  terms  ,,f  ,,ur  modern  seienee.      The  human  bones 

shou  «  \  ideiice  of  acti\  it  \  .     Hence 
The  r,,rm  of  matter,  man.  is  acti\.  .      Hence 
Ml  matter  is  .  ot  it   one  lorm  «if  matter  has  evolved 

iii    another   lorm.    it    is    incoiiecivalilc   that    one    form   of 
matter   could    he    active   and    another    p. 
matter  could  not  e  ,l>ly  grow  and  evolve  into  active 

matter.      I! 

4.   It    is   possiUe   to   formulate  a  Law  of  Activity,    to   interpret 
Matter  in  all  its  chanr. 

Till     I.vw    OF   ACTI\  l 

1  .    I  cm  of  matter  i-  nal. 

Like  causes  new  produce  like  effe«ts      |  >  is  dif- 

ferent.     I  change  is  i: 

Action  and  Keacti.ni  are  unequal. 

I        re  is  no  such  tiling  as  M   H<  • 
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The  Law  of  Causation  ("  the  qualities  of  organisms 
are  the  necessary  consequence  of  definite  cause 
is  incredible. 

8.  No  aspect  of  matter  is  ever  identical  at  any  two  successor 
moments  of  time.     The  equipoise  of  any  form  of  matter 
is  never,  for  any  one  second,  at  absolute  rest. 
Every  form  of  matter  is  trending. 
Every  spectrum  is  constantly  varying. 

4.  Matter  changes  from  within;    holding  or  diverging.     Motion 

emerges. 

The  motion  of  a  body,  such  as  a  rolling  ball.  is  tin- 
strain  of  the  body  in  a  form  visible  to  our  senses, 

5.  Matter  moves  in  moving  matter. 

Bodies  exert  free   action  even  within  a  continuous 
medium. 

6.  The  individual  man  is,  primarily,  an  independent  being,  but 

is  influenced  by  the  activity  of  his  neighbours. 

The  reader  may  choose  from  these  fourteen  definitions  the  one  he 
likes  best. 

This  law  meets  the  tests  of  John  Herschel  and  of  Herbert 
Speneer  :— 

"The  grand,  and  indeed  only,  character  of  truth  is  its 
capability  of  enduring  the  test  of  universal  experience  and 
coming  unchanged  out  of  every  possible  form  of  fair  discussi*  »n . " 

"The  deepest  truth  which  we  can  get  at  must  be  un- 
accountable." 

Activity  is  too  simple  to  be  fully  understood. 


Summary  of  Step  9. 

A  consideration  of  measurements  made  by  Alfred  Russel  Wall 
upon  certain  birds  leads  to  a  guess  on  the  action  of  strain. 
Strain  of  Inbreeding  then  reviewed. 

A  number  of  tissue-units  (bones)  representing  a  large  number  of 
ancient  Egyptian  men  and  women  are  tested,  and  on  different 
parts  of  the  bones  being  compared  these  facts  emerge  :— 
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I  There  exists  a  relation,  not  accidental,  between  strain  and  the 

extent  a  tissue  diverges  from  the  average. 

«.  Tissue-divergence  in  response   to   strain  expresses   itself  to 
opposite  sides  of  a  mean-figure. 

As  a  tissue  uhieh  na<ts  in  opposite  directions  cannot  be  other 
than  act  i\ .  .  it  follows  that  matter  at  one  link  in  the  chain  of  nature 
has  been  proven  active. 

It  in  ..ii«    link  of  flu-  chain,  then  in  all. 

II  the  law  of  activity  or  freedom  of  matter. 


TENTH  STEP. 
I.I  I  1.    OF   MAN. 

And  with  respect  to  the  scale  of  human  value,  it  follows  from 

the  law  of  activity  that  n<>  null  vidual  is  merely  a  more  or  less  complex 

tissue-unit.     Each  man,  woman,  an«l  clnM.  n<>  matter  how  poor  or 

debased  or  outcast,  is  reckoned  a  unique  and 

placcablc  Worth — responsive — but  of  unpredictable  possibilities 

an. I  self-determining  power. 

Which  conclusion  predicts  ami  mum  for  the  life  of  mankind  a 

.tin.    than  it   has  hitherto  attained. 
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THE   OUTLOOK 

li     I    had    more    him.    I    could   have    made    it   shorter,"    was    the 
I.  |.U  to  Queen  Anne  on  being  rallied  on  th.  l<  njfthofasennon. 

mil)  s<>  with  until,-,  \\hieh  ..iie  may  define  as  an  unconscious  or 

deliberate    transgression  o|    reserve.        Tin-    mop-    Une-.nseious.   the    rnop 

expression.     Tin  simpler  and  more  easily  read,  the  better 

ill  ••!  UN  :  yean  is  too  short  a  time  i'.  .r  d-  <-iph«  nng  hicro- 

iris  pines.     The  mam  dillieiilt \   m  writing  is  to  tind  m  t  lung  to  say. 

rates  professed  t«>  know  nothing,  and  was  claimed  by  the  oracle 

as  the  wisest     i  n,   !,       Y<  t  tin-re  is  another  side  to  the  shield.     Pubhe 

nion  tfanis  l>y  the  loss  of  fear.     V«m  know  your  work  imperfect, 

haltmi;.  tmtatiM-  ;    you  know  that  live,  tm,  twenty  years  hence  you 

\\Miild  strip  and  tear  away  thr«  •«  -!•  >iirths  of  your  essay  to  the  improve- 

nieiit  <»t  tin-  i«  inaiinl.  r,  as  .lid  the  ancient  Sibyl  in  Home.     To  defer 

is  a   sure   wisdom.  \«  t    it    indicates  a  certain  lack  of  trust  in  your 

ainli' 

Accordingly,  n  hargc  of  impetuosity,  let  us  adventure 

to  apply  th.  CMIK  Insi.Mi  and  law  already  attained  to  one  or  two  prob- 
li-ms  ..i  m.Mlern  s«K-iety  tissue,  body  and  surrounding — the  cancer 
•  lull-lit  \ .  th<  [ii<>\isi<in  of  houses,  a  humble  observance  of  the  body 
in  winch  w«  move  and  breathe  our  lx*ing,  the  harmony  of  children. 

It  may  be  that  some  reader  will  find  no  interest  in  these  special 
directions.     In  that  case,  ladies  and  genth -mm,  you  had  better  go 
ir  own  gait  and  apply  the  principle  of  activity  in  the  direction 
>  on  consider  best.     You  now  stand  equally  with  the  rest  of  us  upon 
iimmit  ..t  the  ridge,  and  are  free  to  choose  and  enter  into  any 
i    tavMiir.     There  arc   innumerable  to  explore.     Let  us 
Miit   in  open  silent  wonder,  as  once  did  Cortex  down  over  th< 
•ic.     There  is  room  for  single  departure.     We  can  rejoin  each 
r  upon  mutual  desire,  and  to  report  and  reckon  progress. 
But  one  thing  is  \  The  grains  of  discovery  already 

attained  are  hut  as  nothing  to  the  continents  that  still  r. -main. 
Steam  and  electric  power  are  but  a  poor  show  for  2000  years  A.D. 

Jll  1« 
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Till-:    i,l«WTH    OF   WATER. 

I      take  and  apply  the  law  of  activity  to  the  manifold  detail  <>l 

elemental  chemistry  is  impossible.  All  we  can  attempt  is  to  indicate 
the  difference  bet  \\eeii  the  ordinary  view  and  the  m-w  one  \\lneh  the 
view  of  activity  unfolds. 

Take  water,  perhaps  as  simple  a  body  as  we  can  hope  to  mi 
The  present  idea  is  that  \\at.r  is  built  up  of  three  atoms,  two  mark.  <i 


MYWOCtN  OXYOtn 

FIGS.  266  and  266. — Water.     Passivity  versus  .Activity. 

H  in  the  diagram  and  one  marked  O,  two  of  the  gas  hydrogen  with 
one  of  the  gas  oxygen  ;  and  when  water  is  disassociated  by  the  passing 
of  electric  shock  through  it,  the  water  resolves  into  its  two  united 
gases,  hydrogen  and  oxygen. 

But  on  the  view  of  activity  water,  when  shocked,  is  stimul 
to  diverge  in  two  main  directions,  into  the  form 


1.  Of  a  light  gas,  "  hydrogen  ' 

2.  Of  a  heavier  gas,  "  oxygen. 


But  the   "hydrogen"   and  the   "oxygen"  are  to  be  regarded   as 
two  states  of  water,  as 

Water  (hydrogen) ; 
and  Water  (oxygen). 
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mi     ORIGIN   OF   (  \\»  I.K. 

Cancer   m  .•••mrn>  icnce  is  a  ghastly  and   baffling  thmj. 

1 1  is  almost  an  immortal  disease.     It  U  a  fungus-growth  accompanied 

much  au-.nx,  l>oth  .tnd  mmd.     It  •  •<  .-tirs  more  in  .picntlx 

than  is  generally  suspected.     The  Registrar-General's  He-port  on  tin 

'ii  states  that  .  aeh  the  age  of  t hu- 

man in  tni  and  one  woman   in  s.  v«  n  in  Kngi.  -   -.tlaml.  and 

\\  ;il.-s  .In-  •  •!'  this  strange  aff«  et  ion  ;    \\  lulr  m  1 1,,-   I  'nit  i  -I  .stai .  s  1 1,,  i . 
were  rreord.  .1  54,584  deaths  from  cancer  in  1915,  being  at  the  rate 

1    |"-|     In i    th<-   population. 

I  l\     is  a  inn  i..  .-hon  of  a  cancer  of  the  tongue. 

Tin    inns.  I.    l. m.. lies  (m)  are  being  eaten  away  by  the  cancer  cells 
In  appearance  the  growth  ott.n  -i  retches  out  into  the  rev 

tin-  hodx  .  Ii  mimal  fnun   \\hieh  it   d«  rives  its  num.  .   '    <  am- 

«»r   the   (nil         I     '    first    ram-. T  .-rt.il   shiv.ls   little   particles   into   th« 
l>l<H>d-Streains.  \\hu-h  bears  them  .  r  parts  ;    soim  - 

tunes   indeed    it    is    these  second   cancers    \\lm-li    tust    attract  the 
att. -nti. in  of  tin  people  affected. 

r  us  ar.  nsiiall\  imaginary.  Hut  a  woman  one  day  feels 
a  slight  pain  in  one  of  her  breasts.  She  reeks  little  of 
it.  The  pain  <lisappcars  for  a  time;  it  then  returns  slight  1\. 
<>n<  .lav  shr  t. .  U  a  little  hard  lump.  A  portion  of  the  body 
has  somehow  changed  into  a  dcstnieh\<  yeast  of  the  w« 
km. I  :  this  yeast  divides  away,  and  parts  of  it  arc  carried  by  the 
Ixniph  and  hi 1-stn-ani  to  other  parts,  to  the  glands,  to  the  skin. 

the   hones.   t«.  the   liin^s.  and   there  they    live  off  their  own  1>< 
like    parasites   sellishly    destroying   everything   and    multiplying    m 
definitely.      If  the  patient    were  not   provident iall\  d   m  other 

s,  tin-  disease  might  be  thought  <>t  as  <i<\<  loping  until  the  whole 
body  transformed  into  a  perambulating  hm^-id  mass. 

Now,  what  is  the  nature  of  this  change?  That  is  the  point. 
Clearly  there  has  been  an  increasing  tendency  of  the  tisMi,  to  change. 
This  is  obvious,  because  the  normal  tissue  has  altered  into  cancerous. 
Hut  what  has  1,,-,-n  the  method  of  this  change  ? 

il  re  we  are   in.  t    uith   a   confusion   of  ideas,  for  we  find   the 

••  rts  holding  diametrically  opposing  \ie\vs.  which  cannot  both  be 
nu'ht.     They  may  briefly  be  summarised  m  this  wax . 
I     » 

Cancer  has  no  cause, 
x\hich  distinction  can  be  expanded  as  follows:— 


244  THE   LIFE   OF   MATTER 

1.  In  this  case  we  look  upon  the  body  as  a  test-tube,  varying 
in  response  only  to  the  external  environment.  And 
naturally  if  we  have  this  idea,  we  shall  try  to  explain 
the  development  <>f  cancer  in  terms  of  the  external  environ- 


or  6RLAT  aowe 


KM..  267. — Parasite  or  microbe  theory  of  cancer. 

The  commonest  seats  of  the  disease  are  supposed  to  be  the  twists  of  the  food-track 
where  the  microbes  stick  most  readily  (marked  with  black  spots). 

ment.     We  shall  regard  the  cancer  change  as  the  effc 
of  the  action  of  parasites  or  some  other  convenient  lal 
We    shall    point    to    the    tubercle    bacillus    as    causii 
consumption,    and    to    the    leprosy    bacillus    as    causii 
the  tumour  masses  of  leprosy.     We  shall  discover  ulti 
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C.uucr  (blue)  iiu  Jill  tig  nuixlc  «»l  l>rca*i,  (rcvl)  in.ignific\i   * 
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•e,,pie  bacteria  of  many  varieties,  we  shall  describe 
in  \%hieh  one  person  passed  on  caneer  to  anoti 
we  ithall  prove  the  existence  of  cancer  houses  in  which 

tin  Tamils  \\as  struck  do\\n.  Thus  the  British  authority 
\Villiaiu  Macewen  points  out  that  cancer  affect*  chiefly 
tl.<  Lends  of  the  digestive  tract,  or  wherever  the  supposed 
«  \trrnal  parasite  will  impinge,  e.g.  at  the  hp.  tongue, 
|o\\er  ends  of  jruilft  ami  stomach,  at  the  comm.  ne,  m>  nt 
tli.  great  bowel  and  at  its  hepatic,  spli me.  sigmoid, 
and  rectal  t \Msts,  at  all  of  \slnd,  points  cancer  is  alleged 
to  occur  \\ith  es|M-cial  frc<ju«  ne\  .  while  tin-  French 
exp  I  l>  I  i nncd — as  a  inimlxT  of  others  had 

already  done — to   have  discovered   the  actual   parasite 
and  pest.      On  this  idea,  then  lore,  a  can<  incthiiitf 

11:11  to  and  distinct   from  the  body. 

2.  In  this  case  we  shall  look  upon  the  body  not  as  varying  in 
n-sp»»nsr  to  external  causes,  lmt  as  dixeryiiii:  li"Hi  \\ithm 
\N'e    shall    hold    cancer   a    phase.    n.,t    a    <hs,  as.  .       \V,     ,|,  ti! 

regard  it  as  compensatory  m  «  \ .  ry  case.     We  shall  know 

it  to  IM  n.-n-ini',  ,  '  m  \\ \-  shall  find  a  ctimplc-tc  scries  of 
tissue-divergences  from  the  Ix-ni^n  galls,  warts,  and  polyps 
I.,  the  most  rapidly  fatal  cancer.  We  shall  believe  not 
merely  that  there  arc  men  and  women  diverging  into 
1  that  there  are  many  who  ha\  e  di  \crged 
in  its  direction  to  reoOYtf  themselves,  and  many  who 
are  to-day  unccmsciously  curing  themselves  from  within. 
A  tissue-divergence  curing  itself  as  a  tissuc-n  t 

1      sc  two  contradictory  alternatives  represent  the  root  problem 
of  the  change  of  tissue  into  can, 

This   difficult)    is    still    unsolved;    as  Oscar    Il-M^ig   remarks, 
Whether    the    different     kinds    of   cancer  are   of  parasitic   origin 
remains  still  a  ijuestional  prohh  in         f,  />'  ..488). 

Let  us  l.rieil)    relate  the  way  we  come  to  consider  the  question 
-tatin-:  : 

1.  One  Qt  two  itions. 

2.  The  applicati..n  of  the  law  of  activity  to  the  prol.U-m. 

I  At  tirst  siLjht  th.re  seems  a  considerahle  difference  between 
niplc  wart  on  the  nose  or  the  hand  and  such  a  destroying  growth 
the  illustration.  N<t  it  is  not  easy  to  draw  any  sharp  line 
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between  the  two.  For  there  are  a  certain  number  of  growths  <>! 
an  intermediate  character,  partaking  of  the  quality,  both  of  a  simple 
and  innocent  growth,  and  of  a  dangerous  and  fatal  one. 

Thus,  a  young  man  n -reived  a  blow  on  the  forehead  with  a  cricket 
Imll.     After  the  injury  the  bone  of  the  forehead  started  to  grow. 
and  knobby  masses  of  bone  were  rcm<>\<<i  on  separate  occasions. 
Operations  \\«  n  required,  because  the  bony  masses  grew  continuously; 
they  made  their  way  inwards  towards  the  brain,  and  gave  rise  to 
epileptic  fits.     The  bone  had  lost  restraint,  so  to  speak.     And  sun  l\ 
if  a  tissue  continues,  in  spite  of  treatment,  to  L-TOW.  it  can  scare, 
called   wholly  simple  and   innocent  in  nature.     \\Y.   therefore,  dn-\\ 


(AftrrJ.  K.  Krifhten.) 
l-'i-  .  268. — Cancer  of  the  lip  in  a  man  of  twenty-one  years. 

the  conclusion  that  there  exist  growths  on  the  border-line  between 
:i  simple   wart  and  a  deadly  cancer. 

The  next  step  was  this  :— 

In  the  summer  of  1910  the  American  surgeon  William  H.  Mayo 
made  the  remark,  "  The  only  thing  known  to  cause  cancer  is  chronic 
irritation."  And  certainly  this  appeared  correct;  the  clay  pipe 
rubbing  on  the  lip  may  end  in  a  cancer  on  the  lip,  a  jagged  tooth 
rubbing  may  elicit  cancer  of  the  tongue,  a  blow  upon  a  breast  or  a 
kick  upon  a  bone  has  been  known  to  start  the  disease,  in  earlier 
days  chimney-sweeps  sometimes  developed  it  in  their  skin  owing 
irritation  by  soot — "  chimney-sweeps'  cancer  "  ;  moreover,  the  natr 
of  Cashmere  attach  the  ropes  of  their  wagons  to  the  right  horns 
their  cattle,  and  it  is  generally  in  the  right  horn  that  can< 
grows.  The  question  at  once  obtruded  itself,  What  is  the  nati 
of  the  change  occurring  in  the  tissue  intermediate  between 
irritation  (the  cause)  on  the  one  hand  and  the  cancer  (the  cffc 
upon  the  other? 


Tin:  omt.i\  m    »  \\ 

A  little  later,  in  tin    spring  of  1912,  the  lin-hii  t»pedftlitt,  von 

II          nann,  said  casually  in  an  <•  a  lecture  upon  the  cause 

of  cancer,  "Of  course  you   must  <n<    thing,  cancer  has 

already   been   produced   «•  ••    m.m."    I..    |iaused  and 

continued      •'  h\   mean  This  was  true  ;    SOtnCofthe 

earl  i'  i  \\.-rkeis  on  tin    I  n  ra\s  I.  a.  I  exposed  their  unprotected 

the  rays,  and  th.  ir  linger*,  hands,  and  arms 
had  gone  into  funuat  MIL:  uie,  rs  of  a  cancerous  type  so  as  to  require 

ain|.iitati..n  :    refer  t  ..  tig.  88.      <  M  t  .  .  1  1<  ss«    MI   I'.MI   puhlinhcd  a  recnni 

"•I  Mirh  oaai  \  Ain.iica,  13  in  Knglan<i. 

1:5  G  Ay  v  and  t  fa  i  "*&*&'  t\v«»  years. 

II  states  that  in  .Mar.|..i..iH\  San  I  <>  case,  in  Fowler  and 

\\  ilcy's  Brooklyn  case,  and  in  «.th.  is  th.  can*  r-  spread  to  the  glands 
innpit  ami  thnirr  (..  th<-  chrst.  n-siiltini;  in  di-ath.  Hut  not 
alois  X-rays,  hut  oth«-r  irritati..n.  f..r  .  \ain|.|.  .  d'-ating,  have 

acconipanu-d  canctT.  as  in  certain  Indian  fakirs  carrying  live  coals 
in  immrdiat-  n  t«>  th«-ir  skin. 

Th«-  ronrlusi,,ii  nhtrudrd  itsrlt':  The  way  to  tackle  the  cancer 
«|uestioi,  |N  ,,,,t  to  make  ••\periineiits  these  have  already  been 

led  out  hy  th.  \  hut  to  \\ork  down  to  the  heart  of  the 

(litlirultx.  nam«l\.  to  determine  the  nature  of  the  internal  change 
\\ithin  the  tissi; 

\Vith  this  due  in  hand  the  inquiry  was  pursued  somewhat  after 
this  manner  :— 

Qwstion.  What  is  known  about  cancer  ? 

Answer.  The  following  e(juation:— 

Irritation  and  St  rain  =  Cancer. 


Question.  Hut   surely  not  all  at  once!     Arc  there  no  intermediate 

Answer.   Like  ,  n.-u-jh  there  arc  such  steps. 

Question.  Well.  then,  shall  \\e  start  from  the  cancer  side  or  from 

the  strain  side  of  the  equation? 

Answer.   From  the  strain  side,  for  there  ai  workers  th- 

Question.  S  Are  there  any  points  in  the  normal  human 

hody  where  strain  falls  specially  heavy? 

Answer.  Yes,  at  the  neck  of  the  thiu'h  hone. 

Question.  Well,  uhy  not  m.as<ir«  the  necks  of  a  numlxT  of  thigh 
bones  to  see  whether  or  not  th<  i<  is  any  numerical  difference  between 
this  part  and  the  other  parts  of  the  bone  ? 
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Answer.  There  is  a  difference.  The  figure  of  change  for  the  n<  <-k 
of  the  bone  is  10-7,  at  the  other  points  of  the  bone  only  8-7. 

Question.  What  inference  can  be  drawn  from  that  ? 

Answer.  That  there  exists  a  relation  between  the  strain  which  a 
tissue  bears  and  the  extent  to  which  that  tissue  diverges  towards  tin 
extreme. 

Question.  But  admitting  this  principle  to  apply  to  hard  tissues. 
such  as  bone,  can  we  consider  it  equally  applicable  to  soft  tixxu.-s. 
such  as  the  breast  of  a  woman  or  the  tongue  of  a  man  ? 

Answer.  Where  there  is  a  will  there  is  a  way.  Bones  arc  just 
soft  tissues  fixed  by  salts  of  chalk. 

2.  To  come  now  to  the  application  of  this  principle.  Take  the 
case  of  the  tooth  rubbing  on  the  tongue,  for  instance.  What  have 
we  ?  In  diagrammatic  fashion  the  sequence  runs  thus :— 


(1) 


(         Cancer.        j 


Stimulus. 


Some  Internal  Change. 


He-suit. 


The  middle  circle  is  unknown,  and  is  the  heart  of  the  cancer  probl< -m. 
The  effect  of  mechanical-strain  upon  the  normal  tissues  is  found 
to  be  : — 


(2) 


Therefore,  taking  this  result  for  the  hard  tissues  and  substituting 
it  to  fill  in  the  vacant  circle  there  transpires  :— 


(3) 


Increased 
Divergence 
towards  an 

extreme. 


increased 
Divergence 
towards  an 

extreme. 


(In  some  cases.) 
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'II. is  research  <h<i  not  succeed  in  measuring  the  divergence  of 
tissue  direetly  into  cancer.     Hut   it  dean  away  the  first  diih.-«,it\ 
com  '  any  soluti..n  «>t  the  cancer  problem,  namely,  the  under- 

standing of  I »o\\  it  arises.     I  m  tin-  standpoint  ofaethn  divcrg- 

ence  one  sees,  say,  the  tongue  straining  gradually  away  from  type 
till  it  becomes  what  we  call  "cancer."     There  it  thus  no  cause  of 
etincrr     thr   ut'hutl   </itrr;y/i<v,    th*    ttctnnl  straining    nntt   *trnj<!l,nj    .,/ 
•he  actual  change    that  itself  i*  the  causr.     1 1  \  <>ia  see  that, 

i  grip  at  a  Hash  tin  m<  ailing  <>f  cancer  ;  if  you  do  not  see  it,  then 
wait  till,  like  looking  on  a  picture,  it  suddenly  opens  upon  y<»ur 
senses.  <  r  is  an  actual  t bought  <*i  the  body,  an  over-scUUh 
intlaniii 

I  !u  \\lnch  it  i.. ilo\\s  that  tli-  disease  is  in  no  respect  and  under 
no  hous,  in  the  sense  that  a  parasite-disease 

h  as  consumption  is  infectious. 

The  acti\e  «-r  .  1 1  \  •.  rgence-hold  "  interpretation  of  the  cancer 
riddle  can  be  applied  to  the  facts  at  present  known  in  the  field. 

On  the  score  of  Divergence  it  allows  for  the  widespread  occurrence 

i  I >'.th  plant  and  animal  kingdoms.     It  covers  the  sudden 

explosions    nf   malignancy    which    kill    inside    of    weeks  ;     as    \\,-||    ;t- 

these  lingering  cancers,  the  hard  growths,  occurring,  for  example, 

m  tbe  breast,  which  may  last  over  ten  years.     Slow  divergence  and 

hold  explains  such  a  case  as  in  the  experience  of  Alfred  Pearce  Gould. 

In    ls«.M)   the   left    breast  of  a  woman   was  removed  for  a  typical 

microscopically  diagnosed.     In  1805  she  was  ill  and  emaciated, 

tin-  disease  havniLT  invaded  her  skin  and  the  glands  of  the  armpit 

and  neck  on  both  sides  ;    there  was  also  a  cancerous  fracture  of  the 

k  of  the  left  thiu'li  In.ne,  due  to  shreds  of  the  growth  being  carried 
thitlur  and  eating  tbe  marrow  of  the  bone  away;  but  between 
March  and  November  1896  the  skin  growth  shrank  and  changed 
into  scars,  the  glands  sul>si<|<  d.  the  fractured  bone  united,  and  all 

!•  nee  of  growth  disappeared  ;  the  health  of  the  woman  improved, 
and  by  1899  all  the  scars  were  soft  and  supple;  death  oceurrcd  as 
late  as  1906.  Here  the  woman  diverged  so  far  into  cancer,  then 
went  into  a  state  of  hold  and  cured  h<  is,  it  :  the  disease  swept  forward 
so  far,  then  was  balanced  and  restrained  by  the  body  and  pressed 
back  for  many  years.  Temporary  abatements  and  the  later  rr- 
es  have  also  been  noted  by  Hector  Cameron  ;  they  may  be 
described  as  Holds  followed  by  late;  I  >  ^ences. 

As  a  multiple  divergence  the  principle  elucidates  how  cancer 
sometimes  develops  in  several  members  of  one  family  ;  and  as  a 
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hereditary  divergence  it  accounts  for  cancer  erupting  about  twice  as 
often  in  mice  with  a  recent  cancerous  history  among  the  ancestors 
as  in  thus,-  \\ln-n-  only  the  remote  ancestors  were  affected. 

Experimental  facts  can  readily  be  grouped  under  the  principle, 
for  instance,  the  observation  of  the  (i«  ruiaii  Paul  Khrlich.  made  on 
a  mouse,  that  a  cancer  can  still  diverge  and  grow  after  a  two  years' 
refrigeration.  Or  the  experiment  of  .\le\is  Carrel  and  HUITOW  that 
a  piece  of  cancerous  tissue  grew  to  twenty-two  times  its  original 
size  after  it  had  been  transplanted  to  a  nourishing  llnid  outside  the 
body.  Or  again,  how  the  deadly  virulence  of  a  cancer  growth  can 
at  times  he  increased  h\  "  straining"  it  through  a  series  of  animals 
from  one  animal  to  another.  .  .r  h..\\  a  typical  cancer  may  diverge  to 
become  what  was  formerly  thought  a  different  kind  ofgmwth  known 
as  ••  sarcoma." 

And  without  attempting  to  belabour  tin-  subject,  let  ns  refei 
back  to  fig.  240,  illustrating  how  internal  strain  may  act  inde- 
pendently of  direct  external  stimulus,  and  we  readily  understand 
such  cancers  as  occur  in  the  breasts  of  young  unmarried  w«>men 
without  any  particular  cause.  These  arc  spontaneous  di\. 

On  the  score  of  Retention,  on  the  other  hand,  we  grasp  how  a  growth 
may  go  back  on  itself  in  self-cure.  We  comprehend  how  mouse 
cancers  exposed  to  the  cold  of  ice  did  not  grow  so  rapidly  as  normal 
temperature  specimens.  We  perceive  also  how  the  action  of  radium. 
or  the  combined  action  of  radium,  X-rays,  and  heat,  may  stimulate 
the  tissues  to  go  back  on  their  previous  divergence  and  to  hold 
further,  and  how  by  electric  shock  to  the  tissues  —as  carried  out  by 
Doyen  of  Paris — they  may  move  from  their  diverging  line  back 
towards  the  average  or  mean  of  the  tissue. 

We  can  also  see  how  a  cancer  carried  away  in  the  blood  from  t  he 
restraining  influence  of  the  first  affected  locality  may  grow  more 
rapidly  even  than  the  first  cancer  itself. 

Both  in  man  and  in  experimental  tumours  cancer  grows  in  alternat- 
ing waves  not  wholly  devoid  of  rhythm.  This  dilliculty  clears  up 
on  the  divergence-hold  principle  of  growth.  Other  perplexities 
can  also  be  cleared  up,  how  that  portions  of  the  same  cancer  injected 
into  a  number  of  mice  flourish  in  some,  disappear  in  others,  and  in 
others  again  recede  at  first  and  then  advance. 

So  much  for  the  origin  of  cancer.  It  has  no  cause.  Every  day 
in  our  community  individuals  are  diverging  into  cancer  uncon- 
sciously, and  as  unconsciously  curing  themselves  in  hold. 

The    strange   quality    of  compensation,    evinced    in    the    active 
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divergence  of  cancer,  is  not  confined  t<>  that  disease,  but  is  happd\ 
a  constant  s-.j-.m-n.  i   in  human  affairs.     Every  cloud  IIAH  its  M! 

limn-       .!•••.•,     •    iftii.r    lightly   step*  toward*   us   behind    th«    shield 
•  '>.     OMI  :  «.ur  carctfand  sorrow*, 

Imsine  \i\i-j-j\<    t.i  make  <> 

!     hum)     stupiditu -s.    th*      sup.  irihoiisneSS   «»1     tl,.     uppish    <>r    thr 

man  \\h<>  s.  .  k  d  l.nlk\   \af  ..ii  its  ..UK  li..tt..ni.  tl,.  weaknesses 

the   !MM|\.    tl  »r  and   trar.   tin-  .|.a«ll\    insiip|Hirtalil«- 


Pioa.  269  and  27a  —  Cfcneer  in  bold. 
atement  in  a  woman  of  aoventy-one  yean  after  exposure  to  X  ray*. 


s  «»f  suinr   things     thry   arc  one  day  made  good.     Courage! 
it    time     l{«»mc  was  not   luiilt   ii»  a  ilay  :   t.»  «-rr  is  the  pmof  of 
hniii:iiiit\   :    as  in   thr    l.rtt    pn.  \.rl».  a  tiling  slow  ii..m    is  u.ll  (tone. 
Thr  (  -l.  mils  may  go  surging  black  across  the  zenith  of  our  hopes, 
but  there,  towards  th.   l,,,n/on.  thr  bright  rr  shafts  ..t  "light  are  ranym^ 
'In-   sea.      And    Ix!'..  rr    |,,nu».    l,rf,.iv   long  we  shall   se«  .ind 

limpid,  and  the  tears  will  dry  as  off  th<  a  i-hild,  and  thr  Ilirki-r 

imlr  will  glatldrn  .nir  ciucks  to  o(  I 

But    this    is    digression.     The    «pialit\     ..i         in|K-nsation    nirnts 
att<  nti..n       John   IIiint«T  met   it   in  the  stag,  f«T  he  tied  the  carotid 
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artery  supplying  one  of  its  antlers.  The  antler  became  cold,  but 
in  a  week's  time  he  was  surprised  to  find  it  warm  again.  And  on 
killing  and  examining  the  stag  he  perceived  other  neighbouring 
arteries  had  enlarged,  taken  on  the  duties  of  the  big  one,  and  were 
sending  up  the  blood.  And  the  strain  of  cancer  also  contains  sn<  h 
an  element  of  compensation  ;  in  its  peculiar  way  it  tries  to  meet 
a  want  felt  by  the  body. 

But  there  still  remains  the  directly  practical  question,  II<»\v 
•  •an  \v<-  damp  down  the  present  rate  at  which  men  and  women  are 
diverging  into  cancer?  Now,  the  surgeon's  knife  has  often  pr<>\  <  «l 
to  the  assisting  of  Nature  and  the  saving  of  lif<  in  the  past,  and 
although  no  one  seeks  operation  for  its  own  sake,  it  is  often  desirable 
to  get  rid  of  the  diverging  area  by  cutting  it  out;  and  usually  to 
discover  early  is  better  than  to  discover  late.  For  no  <>m  remedj 
will  in  every  case  turn  a  divergence  back  into  a  hold  ;  for  what  is 
slow  in  origin  is  often  slow  in  cure  ;  and  there  will  always  be  SOUK 
people  in  which  the  remedy  will  excite,  not,  and  as  intended,  a  hold. 
but  an  even  more  rapid  divergence  of  the  cancer  growth.  We  cann<  >t . 
therefore,  dispense  altogether  and  immediately  with  the  surgeon's 
knife. 

But  the  question  still  obtrudes  itself,  How  can  we  bring  alxmt 
this  Hold  and  postpone  the  period  for  cancer  change  in  a  man  <>r 
woman's  life — for  no  one  worries  much  how  he  is  removed  at  the 
last,  if  he  has  done  his  bit  of  work.  The  answer  to  this  question 
depends  on  a  fuller  inquiry,  and  involves  a  more  thorough  testing 
of  the  natural  surroundings  of  water,  air,  sun,  and  cream  than  can 
be  undertaken  by  the  limited  resources  of  a  single  individual. 

This  chapter  is  entitled  only  "The  Origin  of  Cancer,"  and  just 
as  we  rid  a  wasp  of  its  sting  by  capturing  first  its  bike,  so  we  cannot 
experiment  with  any  hope  upon  the  cure  of  cancer  till  we  grasp  its 
origin. 

Cancer  has  arisen  in  one  environment,  that  of  air.  To  < -xp« -ri- 
ment  upon  affected  individuals  with  a  totally  different  environment, 
that  of  warm  water  and  electro-magnetic  action,  for  instance,  would 
mean  the  sojourn  of  a  number  of  individuals  for  months  in  wat<  r 
baths.  A  rich  and  young  land,  such  as  America,  will  have  to  d<  a  I 
with  that  problem.  Or  Britain  when  it  is  young  again. 


LAND  AND  HOUSES 


I  VND   AND  HOUSES. 

Youth  is  tin-  time  for  receiving  imprenions.    The  memory  it 
more  resilient.     That  is  perhaps  why  the  old  remember  early 
events  l»«  ti.  i  than  ti..-  late  ones,  and  why  the  long  past  flashes  across 
f  a  drowning  man,  and  even  a  stray  word  or  look  may  exert 

a   most    riHlimiitf   influence   upon    the-   hoy   ..r  ^irl. 


(Afl*  Altmiiin  *****.) 
71.— Robert  Burn*. 


has  described  tin    MM •« -ting  of  two  famous 

as  to  illumine  this  brightly  : 


in  such  a  way 


In  1786  thus  occurred  tin  m<  morablc  meeting,  at  th< 
li"iis«-  ..t'  Professor  Adam  Fergusson,  between  Burns  and  Scott. 
re  was  a  gathering  of  '  several  gentlemen  of  literary  repu- 
tation/ and  Scott,  a  boy  of  fifteen,  was  present.  Scott  *  had 
sense  and  feeling  enough  to  be  much  interested  in  his  poetry. 
and  would  have  given  the  world  to  know  him,*  but,  with  the 
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better  manners  <>f  that  |><nocl,  'of  course  we  youngsters  sat 
silt nt  and  listened.'  Burns  was  affected  by  one  of  the  pictures 
on  the  \\all  and  the  lines  printed  beneath  it.  He  'actually 
shed  tears,1  and  asked  whose  the  lines  were.  None  of  the 
'gentlemen  <>!'  literary  reputation'  volunteering  (he  informa- 
tion, Scott  \\hispered  to  a  friend  that  they  were  Langhorne's, 
and  the  friend  told  Hums,  who  t  u rued  to  the  boy  with  a  '  1« >«>k 
and  a  word.'  4  You'll  be  a  man  yet !  '  is  what  Burns  said  :  and 
those  words  and  that  look  are  all  the  link  between  these  two 
great  Scottish  poets,  who  'spoke  each  other  in  passing.'  ' 


INFANT  MORTALITY. 

Let  us  preface  any  reference  to  the  subject  of  land  and  houses 
by  noticing  the  mortality  among  infants.  Remembering,  too,  that 
Isaac  Newton — no  greater  name  in  science — was  born  a  premature 
and  posthumous  child:  "The  helpless  infant  thus  ushered  into  the 
world  was  of  such  an  extremely  diminutive  size,  and  seemed  of  so 
perishable  a  frame,  that  two  women  who  were  sent  to  Lady  Paken- 
ha m's,  at  North  Witham,  to  bring  some  medicine  to  strengthen  him. 
did  not  expect  to  find  him  alive  on  their  return." 


Scotland  may  be  taken  in  illustration  of  the  ages  at  death,  both 
male  and  female.     These  were  in  1918  :— 


Age  Groups 

in  Years. 

in  Years. 

0 

13,314 

35 

5,092 

1 

7,m 

\:> 

6,522 

5 

1,833 

r>.~> 

8,762 

in 

1,180 

66 

11,113 

15 

8,371 

75 

10,903 

25 

3,940 

This  indicates  that  the  mortality  rate  is  highest  during  the  first  year 
after  birth.     One  infant  in  nine  born  fails  to  survive  the  first  year. 
The    figures    in    several    towns,  counties,  and  countries    are  th< 
For  the  majority  of  the  town  figures  the  reader  is  indebted  to  the 
courtesy  of  the  respective  medical  officers  of  health. 
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ttlTBlM 
CAVAN 


FRANCE 
BERKSHIRE 

ENGLAND 
DENMARK 
US  A.  RURAL 
GALASMIILS 
NEW  YORK 
US  A  CITIES 
BOSSI&OHAlTt 
BRISTOL 


HOLLAND 
SWITZERLAND 


LONDON 
BELFAST 

INVtRMESMQ 
NEWPORT.MON 

CANADA 


SHEFFIELD 

GLASGOW 

SWANSEA 

DURHAM  CITY 

BELFAST 

ABERDEEN 

NIOOUSKKOUGM 

OUBUN 

BiRMi 

STAL>HRI:K-L 


LEEDS 
LIVERPOOL 
NOTTINGHAM 
PRUSSIA 

SSK85I 


DUNDEE 
BURNLEY 


LIVERPOOL 
RUSSIA 


72.— Infant  morUlitiM  per  1000  birth* :  Scottish  figurw  ^MMfed. 
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Deaths  under  One  Year  per  1000  Births. 
(The  figure  10  refers  to  the  decade  1007   16.) 

The  figure  fW  France  excln<l( -s  infants  which  die  before  the  third 
day  :— 


Glasgow  (Kelvinside  and  Pollok- 

ahields),  1913      .  .45 

Edinburgh  (Merchiston,  1914)  r  45 
Leitrim,  1915  ....  46 
New  Zealand,  I'.Uf.  ...  50 
divan.  1915  ....  56 
Argyll,  19  If.  .  63 

Australia,      1915     (average     six 

States) 67 

Norway,  1914      .  .68 

Sutherland,  1916  .  .        70 

Sweden,  1911  .         .72 

t.  I'.Mii  (l)istri.-t    13)    .          .        70 
hiriiiiii^hain    (average    1912   16), 

Outer  Wards         ...       77 

nee Ts 

Bath  (10) 79 

Berkshire,  1915  ....  86 
Livorpool  (10),  Wavertree  .  .  87 
England,  1916  ....  91 
Holland,  1915  ....  91 
Denmark,  1913  ....  94 
Switzerland,  1912  .  .94 

U.S.A.,  Rural,  1915     .  .       94 

Portsmouth  (10)  .         .         .97 

Galashiels(lO)     .  .       97 

Ninety -six  great  English  towns, 

1916 99 

New  York,  1915 .  ,       99 

Derby  (10).         ...  102 

U.S.A.,  Cities,  1915      .          .          .      103 

Perth  (10) 103 

Ross  and  Cromarty,  1915  .  .  103 
Motherwell  (10)  .  .  .  .  108 
Bristol  (10)  ....  108 

Edinburgh,  1914  .         .  I  I" 

England  and  Wales  (10)      .  110 

Scotland,  1914-15  .  .  .110 
London,  1915  .  .  .  .112 
Cardiff  (10)  .  ,  .  -Ill 
Belfast,  1916  .  .  .  .113 


Paisley  (10)                  .  .         .113 

Inverness  Burgh  (10)  .  .         .      II:: 

Port-Glasgow  (10)        .  .         .113 

Newport,  Mon.  (10)     .  .         .     1U 

Stirling  (10)         .         .  .         .115 

Canada,  1913       .  .117 

Leith(lO)    .  .117 

Ninety-six  great  English  towns 

(10) 119 

I'.rlpum,    l«Hl>        ....        IL'II 

Newcastle-on-Tyne,  1912  17  .  123 
Cork  City  (10)  .  ,  .  L26 

Sheffield  (10)  ...  !:!* 

Bolton(lO)  ...  IL'S 

Glasgow,  1913  .  .  .  .129 
Italy,  1912  .  .  .  i:io 

Swansea  (10)  .  .  .  !::«• 

Manchester  (10)  ...  1  :•,:', 

Durham  City  (10)  .  .  i:'.:i 

Leeds,  1906-16  ...  i:n 

Belfast  (10)  ...  i:Hi 

Liverpool  (10)  .  .  .  .  1M 
Aberdeen,  1911-16  .  .  i:;s 

Nottingham  (10)  .  .  .140 

Middlesbrough  (10)  .  .  I  »', 

Prussia,  1912  .  .  .  I  i'i 

Dublin,  1907-15.  .  M'.i 

Belfast,  1916  (District  4)  .  .  158 
Birmingham,  1912-16  (Central 

Wards)  ...  161 
Ashton-under-Lyne  (10)  .  .161 
Stalybridge  (10)  .  .  .  l'»T 

Dundee  (10)  .  IT:', 

Glasgow  (Calton  and  Cowcaddens), 

1913 I7:> 

Burnley  (10)  .  .176 

Liverpool,  1916  (Exchange)  .  181 
Edinburgh,  1914,  St  Leonards 

(density  351  per  acre)  .  .189 

Russia 248 

Greenock  (10)  .  .  .  .  262 


In  the  U.S.A.  the  mortality  statistics  of  infants  under  one  year 
(exclusive  of  still-births)  in  the  city  and  rural  registration  areas  are 
as  numbered  : — 


l\l  \\  I          I  \l  I'M 


(Ufa* 

Kami  P«rto. 

linn                                                       111.687 

87.3S4 

; 

- 

i      . 

H  m 

"»7fl 

7H.997 

19.078 

. 

:: 

19.214 

i                                                 IQMM 

82.0)0 

20.360 

iwus 

21.727 

IIMM1 

93.376 

39,729 

IH» 

170 

HM)S       . 

92.311 

U 

1009     .                                                  1  10.007 

91.000 

49.002 

"     . 

04.182 

(•HI 

712 

1  17.406 

00.939 

1 

64.981 

-                        .                   .            100,070 

92.139 

62.936 

The  year  1915  is  tin-  tirst  year  when  the  birth  -rate  is  LM\,n  f,,r  tin- 
States,  and  tin  -n  "iil\  from  .-i  population  ..r  :il.000,000,  or  about  31 
p<  r  O  nt.  ..I  tin-  total.  !•..!•  that  j.  •!'  the  American  people  the 

:.-iht\    JUT    looo   l.irths   («-\rhiM\i-   <»f  still-hirths)    worked 
out  as  :    '  01       \          N  ..rk.  '.»'.»:     Kural. 

[H  brief^  thickly -peopfed  industrial  and  mining  districts  usually 
sh«.\v  a  higher  ratr  «>f  infant  nmrtality  than  do  rural  areas.  This 
\\\\:\  is  u«.t.  h'-v  •iniim-il  t.i  infants,  hut  also  to  other 

years.  Thus  m  th«  rural  districts  of  Scotland  (1918)  the  death-rate 
was  18  per  1000  of  the  estimated  population,  hu'  !7  p<  r  1000 

in   the   larger   I.,  .1 .  .u^lis  :     S..MH-  ..{    tli.    sm.dler  Iximu^hs  <lisp|a\«d  an 

D    higher   rate — instance     l»..rt-(,lasgowt   a   crowded   river   port, 
uith  •_'•_>  p,T  1000.     Taking  the  figure  18  as  against    17.  we  perct 
h.»u    tli-  r   the   f.ilk   the   tendene\    to  a  higher  rate  of  death 

among  them. 

Of  the  1.100,000  babies  added  to  the  population  ,,t  Knglaiid. 
S  -l-iiul.  and  Wales  in  the  \*ar  1905.  not  more  than  a  round 
Sl'O.CMM)  reaehed  live  years  of  a^e  :  1»<.IO.O(N»  s,,uls  dropped  int.. 
tin  great  urn.  The  figures  are  round,  but  what  odds  among 
so  many  ? 

This  takes  no  aeeoimt   of  the  mortality  of  children  In-fore  birth. 
the   conditions  of  mother  ami   child   before   birth,   or  tin    <pic 
the  limitation  ,  ,f  the  hirt  h-rate.  conscious  and  unconscious. 

In  infants  the  \  uliicrahle  jxiints  are  the  lungs  and  the  guts,  and 

II 


258  T1IK    LIFE   OF   MATTKI! 

the  directly  administ  rat  i\  c  dillieulty  is  to  shorten  and  clean  the  tube 
from  the  living  udd«  r  <•!'  the  c<>\\  to  the  lips  «»f  the  child. 

That  the  death-rate  is  .me  «•!'  handling  and  social  circumstance, 
not  one  of  inheritance,  does  appear  in  this:  newly-born  duldn  n. 
even  of  the  poorest  mothers,  weigh  well  at  birth  :  in  (Glasgow,  over 
7  pounds. 

And  concerning  the  subsequent  childhood  mortality,  t'n.m  one 
year  to  five  years,  after  the  first  year  has  been  overcome,  I)r  John 
Robertson  writes  in  the  1916  Report  of  the  Medical  Officer  of  Healt  h 
for  the  City  of  Birmingham  :— 

44  The  total  deaths  of  children  between  one  and  five  years 
of  age  numbered  1275  in  1916,  giving  a  death-rate  of  16-1. 
Much  can  be  done  to  limit  this  mortality  and  avert  bad  health 
by  timely  advice. 

4  These  children  are  not  usually  those  born  in  a  weakly 
condition  ;  often  they  are  the  most  robust,  and,  having  escaped 
the  danger  of  the  first  year,  may  be  regarded  as  sound  lives. 
It  is,  therefore,  very  important  that  their  mothers  should 
know  how  to  prevent  death  when  many  of  the  so-called  simple 
ailments  of  childhood  overtake  them. 

44  This  mortality  is  clearly  due  to  ignorance,  and  is  prevent- 
able. It  does  not  take  place  among  the  middle  and  better 
classes,  where  there  is  not  so  much  ignorance.  Measles, 
whooping-cough,  diphtheria,  bronchitis,  and  pneumonia  ai 
diarrhoea  should  not  cause  death  if  care  is  taken  early  enouj 
and  continuously. 

44  Then  it  is  found  that  during  these  early  years  the  com- 
mencement of  many  ailments  are  met  with  which  lead  t<> 
inefficiency  in  later  years,  e.g.  rickets,  carious  teeth,  spinal 
adenoids,  rheumatic  conditions." 

An  incidental  result  of  the  European  War  of  1914-1918  was  a 
survey  of  the  health  of  the  people.  It  was  done  haphazard  and  «>n 
no  simple  plan,  and  mistakes  were  sometimes  made.  But  one  s.-dicnt 
fact  emerged,  the  bad  condition  of  the  teeth  of  our  community. 
Figures  are  not  available,  but  it  is  a  conservative  estimate  that  one 
man  in  every  ten  was  put  out  of  action  by  defective  teeth. 

The  reason  of  this  is  not  absolutely  certain.     It  would  be  interest- 
ing to  find  whether  town  and  country  children  are  equal  suff<  i 
in  this  respect.     One  large  building  was  watched  in  one  of  our  cities, 
and  within  a  year  from   building  the  stone  fa9ades  and   conn 
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Flo.  273,-lnfant  morUdity  of  the  City  of  BiimingllMB.  1871-1915. 


Till.    l.II  K  OF  MATTER 


were  eaten  away  as  if  by  disease.     A  similar  change  has  Keen 

in  the  vicinity  of  gasworks.      It  may  he  due  I"  tin-  acids  «.r  <••>,- d  .-md 
sulphur  gas  blown  from    louses  and   \\.-rks  and  factories  into  the 


(By  the  permittion  »f  I>r  J.  II.    I «/, ,r, 
/'wi'ivnti/y  <>f  Hdinburyh.) 


Ofthf 


Fio.  274. — One  cause  of  infant  mortality. 

Growth  of  the  common  house-fly  ; 

14—20  days  from  egg  to  fly  in  warm  w 


fly. 


( Aflfr  J.  //.  Aihworth.) 

Fio.  275. — House-fly  ejecting  the  contents  of  its  stomach. 

atmosphere,  since  upon  the  Pentland  Hills  the  drifted  snow,  on< 
pure,  lies  soiled  by  the  reek  of  Edinburgh. 

We  can  reasonably  argue  that  if  even  stone  be  affected  by 
corrosion,  the  more  delicate  bodies  of  children  will  not  readily 
its  influence. 

On  page  259  is  an  interesting  diagram  made  by  Dr  John  Robertsoi 


I.  AM)    AM)    llnl  -I  - 
Medical  Officer  of  Health  '  •'  Kn  >ningham,  illustrating  the 

dil\    tl,.  <  l.irths  ! 

Tin-  top  hue  —  from  all  causes. 

I  .11.  1   Inn-     in  »ni   all   cause*   low  diarrhoea  and  in- 

flammation «.|    tin- 


It     s.  i  -\  idiratr    tin     improM-inriit    \\lm-li    lias    taken    plan-    in 

it    Uoiild    I,,     a    imxtak.     I.,   I.  in.  till  satisfied  With   this 
general    impio\  .  in.  nt   :     Hmmicji.am    is    Well    laid    out    compared    with 

I  Inis  th«-  l\,  imrt  »f  tli     /.'          Commission  <>n  th,  Housing 
in  s,;,tt,in.i  U)  states  that  in  191  i  <t2  per  cent,  of  the  total 

popnl  .  (Glasgow  wen-  li\n.-j  m  h<>u  or  two  rooms, 

ipan-d  with  :»«;  :  i  .dinliiirgh.  (KM  p  m  Dundee. 

88-6  per  cent.   in   AlnT.lr.-n.   am!    47-9  per  cent,  in  all  Scotland,  as 
against   71  t.  in   Knjjlaml.       In  Glasgow   no  lr 

indiNhl  88*6   per  c<  nt  r.  i:,_-     DIOTC    than    three    in    a 

\     i   it    is  n<*t   easy  to  sec  how  a  virtuous  populace  can  be 
in  such  conditions  ' 

)'     BLEMS  OP  SPACB. 

I  resume  At  lirst  siLrht  it  would  seem  too  sudden  to  pass  from 
tin-  sul.  -iiant  mortality  to  one  ot  1  1  ir  most  fierc<-ly  <-ontrntious 

questions  of  the  day,     Hut  th«  r«-  «-\istx  a  dose  relation  between  disease 

ami  siuToiindiiijjs.      Ami  then-  is  littlr  sms<-  m  <  liseiis  sing  and  dissipat- 
:nto  tin    pnil»l«  in  of  r.lurat  ion  l>efore  we  have  dealt  with  land  and 

hon  'il\    in  a  Lf«  n.  ral   u..  I  is    the  iisr  m  teaching  a 

chiltl  if  \ou  forl.i.l  it   lirst   | 

In  tin  nt\  of  M.-lfast  m  thr  year  1916  no  less  than  88O  out  of 
649<>  \\ho  <h.  .1  were  killed  hy  consumption  :  hut  these  figures,  though 
strikmu'.  Lrive  no  real  indication  ,,f  thr  ravages  of  the  tuU-n-lc  Imcillus. 
Go  to  the  outdoor  depart  m.-nt  of  any  hospital  for  thr  young,  and 
observe  how  frr.jmntlv  children  are  riddled  more  or  less,  m  gland 
and  lung  and  l>one  and  joint.  l»\  that  consuming  pest.  This  tulx-rcle 
baeillus  hates  thr  li«;M.  a\'«nlinur  >'  «hi-n«\  .n.  It  prefers  close 

•  piartrrs.  dark  d\\«llinL's.  low  ami  congesting  nn.fs.  It  lurks  m  dust. 
It  is  hi,  at  IK  d  in  hy  all  of  us.  It  is  not  int>ei|iiciitly  pn-s«-nt  in  milk. 
Mr  A.  P.  Mitchell  I  nlmru'li  in  the  \ears  1911-1918  obtained 
406  samplrs  of  iiuvd  milk  to  be  drunk  by  the  children  of  Kdinhurgh, 
coll(  -ctr.l  from  KM;  milkshops.  and  found  82  samples  (or  20  per  cri 
contained  tubercle  bacilli. 
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You  have  a  right  to  thrust  a  child  into  a  crowded  class-room  to 
breathe  spoiled  air  only  if  you  take  it  from  a  well-ventilated  dwell- 
ing. Modern  ventilation  of  schools  has  improved  greatly.  Yet 

this  achirv.  in,  nt  iiri-d  nut  Mind  us  t<>  tin-  fact  that  a  sound  body  is 
tlu-  surest  basis  of  a  sound  mind.  And  a  sound  body  is  m.l  attain- 
able without  the  four  dimensions  of  tin  child — space  and  li^ht.  and 


(Drawn  6y  m^nr.l  .\f,nr.  i:,l,nbnrgh.) 

Fio.  276. — Tubercle  bacilli  from  dairy  milk,  greatly  magnified.     For  the  organisms 
of  human  consumption  compare  also  Plate  III. 

air  and  water.     Hence  the  problem  of  houses  and  the  ground  on  wliieh 
they  stand  precedes  the  problem  of  training. 

The  chief  obstruction  to  an  understanding  of  land  and  hons<    is 
its  complexity.     This  complexity  is  at  once  a  safeguard  and  a  dan<_ 
a  safeguard,  because  it  prevents  hasty  interference  by  JMTSI  .us  ignorant 
of  the  subject;  a  danger,  because  the  slowness  of  social  b< -tt< -run  nt 
consequent  on  the  intrinsic  difficulties  of  the  subject  tend  to  lead  b> 
grave  disturbances  among  the  people  affected,  for  the  worse  a  m  • 
surroundings  the  more  discontented  and   extreme   he   is   prone  to 
become. 


LAM)     \\l»    II 


I  Tossing  ourselves  eittmh    ignorant   «.f  the 

i,  \\hie:  _'l>oard  from  which  t..  take 

•lunuc.       What    do,s  tin    di!lieult\    involve  a  kn»u  1«  .|k..    ,,|    ' 

I  . I.I.  in  •  i.t.uls  a  naked-eye  acquaintance  with  the 

illil    to\\||.         Ill    which    c..nn.  .  -t|..||    tin-    more    on, 

*ws  about  practical  agricultm.   th.  and  this  is  not  easy, 

for  agriculture  is  a  skill*  <|  trade. 

Sro.mlls.    tin-    |)r..l)|rni    ralU    t..r    a     u'rasp    ..(     MM      hVstrlll    Q|     1.U..J 


277. — Young  tree*,  tho  Thuringion  Forwrt,  Q«nnany. 

t  «-n  urc.   tax  1 1. 1    rating,  at  home  and  abroad.     Which  again 

demands  ;l  passable  acquaintance  uith  tin-  laws  n-latin^  to  the  holding 
and  « -\chaiigc  of  land.     Scotland,  t  has  its  own  needs  and 

laws  distinct   from  t  li«.s,    ,,f  ,,t  \.  Q§, 

Thirdly,  the  problem  m\..|\.  s  e..nsiderat  mn  «,f  the  course  of  im- 
provement.  already  made  in  the  health  of  the  |MM|\-  puhh,-.  l.\  thr 
administration  of  corporate  and  municipal  bodies.  To  offer  hut  one 
inst  .  I  on-stry  :  it  \\ould  includr  an  niitirrstanding  of  the  ditli- 

mlties  faced  in  siieh  a  for,-str\   survey  as  that  conducted  1»\   1.4,-. 

inuf.  and  Nisbct  ov<  r  the  I  aledoman  Canal  area  in  (ilen  Mor  ; 
it    entails   some  ap  -t    the   close  relation   between   small- 

holdings, woods,  and    water  transit  :     the  uses  of  wood   in   industry 
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(/'/(••/'/  hy  Mr  J.  1  ryf,.) 

FIG.  278.— Silver  firs  in  the  Black  Forest  near  Freiburg. 


(/>Aoto  fry  tlr  J.  Lvford  Pikf,  Edinburgh.) 

Fio.  279.— Scotch  pines  in  a  German  forest. 

Note  how  the  ground  is  already  planted  with  a  second  crop  of  tree*. 
Observe  also  the  size  of  the  man. 
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JHO.     v.tM.-x  in  t>...  Speeaart.  Germany. 


Showing  a  typical  view  in  A  count  r\  \%  IMTP  poor  UUM!  IUM  been  br 
A  valuable  harvest. 


Fio.  281.— Aecene 


•howing  •tmilar  land  in  Sootland  under  a  policy  of  w«leoi. 

HicliUi..!  J-n  »,>    LOQk    I ••> 
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and  chemistry  ;    and  it  involves  an  honest  comparison  of  Scottish 
with  Continental  forests — how,  as  these  authorities  aver:— 

\\  ith  n  total  area  of  7,000,000  acres  the  Prussian  State 
forests  yielded  in  1904  over  412,000,000  cubic  feet  of  wood, 
equal  to  a  fall  of  about  65  cubic  feet  per  acre  actually  stocked  ; 

and  <>f  this  more  than  urn-half  was  used  as  timber,  and  nearly 
"in-half  as  fuel.     The  gross  income  was  «-\ ,  r  *:.-,.. s.i  i.  ion.  ///,• 

expenditure  £2,755,280  (or  averaging 
7s.  lojd.  per  acre),  and  tin-  u«-i 
income  £8,099,170,  showing  ;,  net 
due  uf  IK.  7d.  j.cr  acre  actually 
eulturable.  During  the  year  82.ono 
acres  \\<n-  naturally  regenerated, 
sown,  or  planted  at  a  eust  uf 
IW. .">()():  and  cniploi/nHtil  ;^/^  -/.»// 
to  156,772  hands  for  a  total  of 
10,479,589  days"  (Afforestation  in 
Scotland,  p.  77). 


We  have  to  beat  that  record  by 
the  provision  of  a  Scottish  Ministry 
of  Trees  and  Bairns. 

The     Parliamentary    Sub-Com- 
mittee upon  Forestry  appointed    in 
July  1916  estimate  that  there  are 
not  less  than  three,  and  probably 
more    than   five,   million    acres    of 
land  utilised  fur  rough  grazing,  but 
capable  of  growing  first-class  tini  1  »<  •  r . 
Of  this  area  2,000,000  acres  «,uld 
be   put]  under  timber  without  de- 
creasing the  home  production  of  meat  by  more  than  0-7  per  cent.. 
and  it  would  ultimately  give  employment  to  at  least  ten  times  tin- 
number  of  men  now  employed  by  grazing. 

Fourthly,  it  involves  understanding  of  a  stuffy  room;  of  t  he- 
nature  of  the  gases  and  organic  matter  we  expire  from  our  air  passages 
and  lun<rs.  and  the  results  of  breathing  these  <r;,Ses  and  organic  matter 
upon  the  bodies  of  adults  and,  especially,  of  the  young. 

Fifthly,  the  problem  supposes  an  intelligent  appreciation  of  the 
subject  of  town-planning. 


FIG.  282. — A  typical  Scottish  forest.     Com 
paratively  few  stems  to  the  acre. 
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•III'. ,  it  involves  tome  business  understanding  <»f  the  ways  and 

isrs.    tin  I!     ai.-hlt.rtim.    tli«  n     «  •  «st  ;     HP  hiding 

1 h«-  0  -  t    'i  t  h.-  raw  mate-rials  of  l.mldmg,  stones,  bn 
an. I   \\ajM-s. 

l\.  it   in.  .ins  a  real  MM-  .listni.-tn.ii  between  tin 

I  the  value  of  th<  »use;  adutinc- 


!•!•;.  283.— Henry  George. 

tiist   clrarl\   «  niinriat.  .1  hy  t  hr  \\«.rk  «»!   tlir  Ainrriraii  investigator 
II  '»~1897),  who  point«l  .»nt  that  man  is  a  land  animal. 

II  tin-  i-arliiT   l-'n-nrh  « •«•.  >n.  .mist  s.  c..ntrasts  th<-  advanc< 

i  coal,  strain,  rlrrtrir  }>o\\«-r.  inarliim T\  .  tclrphonr.  tflr^raph. 
post,  ship)  uith  tin-  s|..\\,-r  a.lxaiu-r  in  L!<  in  ral  \v«  ll'arr.  and  advocates 
the  transf.  '  -..\(  IIIIIM  ntal  taxes  from  houses  and  «.th«-r  helpful 

imp  in-  indi\  i.lnal  to  the  han-  land.      As  this    \ 

harr  land  is  the  work  of  the  comnmmt  \ .  h.-  eonsidi  r>  it    t  lit   subjed 
for  bearing  rates  and  taxes :— 
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\-  land  is  Qoresxarx  to  the  exertion  of  labour  in  the 
production  Of  Wealth,  tO  Command  the  laud  which  is  necessary 
to  labour  is  to  command  all  the  (nuts  of  labour  save  enough 
to  enable  t  he  labourer  to  exist ." 

Eight !il\.  \\e  have  to  pay  attention  to  the  best  methods  of  freeing 

our  great  cities  from  c.  nicest  i<  >n  and  excessive  centralisation.  Transit 
by  air  in  lar^c  nninbers  is  a  specula!  ion  :  t  ransit  by  surface  is  possible 
by  car  and  rail.  l>ut  tin-  lirst  is  slow,  the  second  often  circuitous; 
transit  under  -n»und  remains,  but  is  undeveloped.  No  doubt  city 
congest  ions  can  be  solved  by  t  he  const  ruct  ion  of  elect  ric  und<  i  -«jn  mi  ids. 
radiating  iVom  the  centre  like  the  spokes  of  a  wheel,  or  like  t  he  forai 
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roads  which  spread  out  from  an  ant-hill.     But   no  municipal   body 
can  venture   the   expense   of  other   than    pottering  schemes   without 
return.     And  unless  the  central  municipality  is  entrusted  to  rat 
share  of  the  increasing  taxation-value  of  the  suburbs  it  creates,  the 
communal  effort  will  be  indefinitely  suspended  and  postponed. 

Ninthly,  the  problem  of  land  is  to  be  considered  in  relation  to 
the  internal  ionalisation  of  the  land  of  Europe;  for  the  int<  r- 
nationalisatinn  of  land,  together  with  the  internationalisation  of  law. 
proceeds  only  by  way  of  each  nation  freeing  its  own. 

Now,  these  several  branches  of  the  aforesaid  subject  cannot  well 
be  mastered  by  one  man,  and  the  problem  of  land  and  housing  would 
thus  appear  at  first  sight  beyond  solution.  Without  goodwill  it  is 
absolutely  so.  Yet  though  one  man  does  not  walk  seven  ways  at 
once,  seven  men  may  ;  though  faggots  yield  when  broken  one  by 
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:.    in    a    1. 111. .11..       'Monsieur,"    said     i    \rtagfiaii. 
-  ss    t  i'-it    aJ»OCiati<>n    is   a    \N  I 

•O?  r.-|.ll.'.i     III.'  \\ltll     Ills     month     hill.  \\  I      .Mil     I.-H 

>..u."  i,pii,,i  d'Artagnaa    Th«   si  ranger  gave  a  sh«.rt  ti 

Ms    jaus    in  III    I!,,-    • 

place,"  continurd  d' \it.i-  instead  -  .  andle,  whirl.  «-ach 

1.  ^« -lia\.  t  I'li.tt  i    t  i  I  1 1     stranger,  st nu-k 

with   the  extreme  jiistut-ss  <»f  the*  ot>stT\ati..n 


(A/Iff  Artkmr  Lyom  JtovJrp. " 

-H.  285  and  286.—  Weekly  wage  expenditure. 
\      \     I.I.  per  hour,      li    At  8cL  per  hour. 

The  horizontal  ooale  repraagnU  pence  per  hour  .<<al  aoale 

of  boon  per  week.    The  areaa  repreaent  amount  spent.    The  whole 
•how  the  week's  wages. 

\     1  UK    splitting  «.|    tin-  l.iu'  ettatei  int..  small  holdings,  with  tin- 
^rowiu^  «.f  I'on-sts  on  distisrd  or  partiallx    iis,,|  ^n.uml.  tin-  «  \t.  nsi*.n 

id  and  rail  and  canal,  the  supply  <>!  n  as.»nahl«   and      iiltiinatrlx 
elegant  dwellings  in  tin    p!a< «   <>|   t<  n<  ni<  utal  slums,  the  cheap*  n  ing  of 
tli-   loaf,  tl'  :n  mtoMcat  ion.  a  closer  social  co-operation  in 

industry,  and  1 1  \\  a nd  aN  it  race  of  boys  and  girls, 

depend  "ii  the  unii  Hi  and  purj»-  :  at  ion  of  the  workers  (if  the 

people,  the  iiunirdiatc  aim  U-iii^  hreat  Inn-  q  i  sure,  emancipation 

n  the  bare  struggle  to  exist       Poverty,  dirt,  drink.  \  iee  can  only 
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be  crowded  out  ;  which  process  in  the  Uritish  Nhs  \\ill  he 
amplified,  varied  and  <  nnehcd  by  administrative  and 
extension,  from  London  to  K«  1  i  1  1  1  >  1  1  rg  h,  Cardiff  and  Dubl  in. 

And  with  it  all  we  should  remmiher  tin  human  factor,  tin-  inert  iu 
to  surroundings.  Folk  get  used  to  anything.  City  children  sent  to 
the  country  by  the  Fresh  Air  Fortnight  Fund  when  asked  if  they 
likr  the  fresh  air.  often  say  they  would  like  to  be  back  where  they 
came  from.  Or  again,  a  workman  and  his  wife  were  travelling  on 
the  top  of  a  car  through  one  of  the  pleasantest  suburbs  of  one  <>l 
our  most  congested  cities.  The  husband  said,  "  This  is  very  quiet," 
and  the  wife  replied,  the  distaste  ringing  through  her  voice,  "  It's 
terrible  !  "  She  actually  entertained  aversion  to  open  quarters. 

Our  eyes  often  roll  but  slowly  in  their  sockets.  Take  Scotland, 
for  instance.  Its  climate  in  summer  is  fair  and  invigorating,  in 
winter  it  is  —  unique!  Often  raining,  foggy,  sleety,  cold,  it  is  not 
for  the  delicate.  Robert  Louis  Stevenson  sentenced  the  weather  as 
"  a  downright  meteorological  purgatory  in  the  spring." 

In  the  months  of  winter  we  miss  the  sun.  which  stru^lrs  t«> 
reach  us  from  the  south  ;  there  is  a  farm  in  Glen  Lochy,  by  Tayside, 
lying  to  the  southern  hillside,  on  which  the  sun  never  lights  for  six 
weeks  every  winter.  And  despite  a  four  to  six  months  of  hospital 
treatment  the  consumptives  in  the  city  of  Glasgow,  though  they  had 
been  discharged  as  "  arrested  or  improved,"  persist  in  dying  ;  even 
the  milder  cases  sent  to  the  sanatoria  connected  with  the  city  do 
the  same.  A  man  was  being  examined  by  the  X-rays  in  the  outdoor 
department  of  one  of  our  great  hospitals  ;  he  had  just  returned  from 
a  sanatorium,  and  felt  ever  so  much  better  ;  but  the  X-rays  disclosed 
the  dark  spots  of  tubercle  still  in  his  lung.  He  turned  to  go.  A 
friend  of  the  writer  followed  him  out.  "  You  think  yourself  im- 
proved ?  "  he  asked.  "  I  do  indeed,"  said  the  man.  "  You  are  not 
Return  to  this  sooty  atmosphere,  where  you  contracted  your  troubh 
and  you  die."  "  What  shall  I  do,  then  ?  "  asked  the  man.  "  Book 
passage  to  Canada  on  the  first  boat.  Get  out  of  here  !  "  The  advi< 
was  brutal,  but  a  week  after  the  man  returned  with  his  ticket  book< 

But  it  is  not  every  one  who  can  afford  this  step,  emigration, 
in  view  of  the  fact  that  a  man  harbouring  the  bacilli  of  tul 
is  a  danger  not  only  to  himself  but  also,  by  infection,  to  oth< 
corporate  management  is  natural  and  essential. 

Let  us  assume  for  a  moment  (1)  the  presence  of  a  cross-Crn 
tunnel,  bringing  (2)  the  ever-  warm,  ever-green,  and  ever-bright 
valleys  to  our  very  threshold,  (8)  a  Scottish  Parliamentary  Governmei 


I. AM)    AM)    llnl  >i;s 
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a  Scottish    Ministry  of  Health.      NNhat.  thru,  IN  t«.  pr«-\ 
(8)  through  a  part  -i^  vall«  \    -ji  ami 


287.— Diaoaa*  ttrma  Sunlight. 

Scene  in  a  valley  of  the  Swim  Alps.     Boy*  haymaking  on  a  station  eome 
3000  feet  above  *»  level. 

a  thorough  fresh-air  and  sun  treatment  for  the  tuln-rele- ridden 
youngsters  of  Scotland.  Have  not,  indeed,  many  of  our  landsmen 
ma  a  (-rots  to  the  continent — even  without  a  tunnel?  It  is 


288.— Naked  to  Nature. 

but  a  day  off.  It  i-  in  damp  and  mist  and  rawness  that  the  children 
contracted  the  affection — in  humidity  ;  let  it  be  in  the  opposite  of 
these  that  they  recover.  Pour  the  farm -milk  and  cream  into  them 
till  tin  ir  --res  heal  and  they  wax  fat  and  kiek  with  exuberance. 


•J7'2 
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They  say  tli<r«  is  no  money!  \\hat  sa\  the\  ?  Let  them  s.-i\  ! 
No  money  ?  \\YI1.  even  if  it  were  so,  is  it  not  rlx  -a|><  T  to  ri^M  tin  in 
at  once  and  early  than  have  them  festering  on  for  years  and  spit  t  m- 
broadcast  over  others  and  in  every  tram-car?  Is  it  not  pn -l'« -r.-d>le 


Flos.  289  and  290. — Consumption  in  t\  boy. 
(1)  On  arrival  at  the  Swiss  station.     (2)  After  a  year's  interval.     M n  k  i  IK-  bronzing  <>t  1 1 

to  rent  a  sanatorium  in  a  climate  available  for  twelve  months  tlmn 
in  one  where  the  "  season  "  lasts  hut  lor  sj\  -.' 

The  sun  is  the  freer,  the  spinning  earth  is  the  holder.  And  they 
wrestle  and  tug  for  the  bodies  <>t  man  and  animal  and  plant. 

If  you  cannot  rent  a  few  farms,  then  rent  a  whole  valley. 

Yes,  of  course  there  are  dillieulti.  s  !  Hut  diflieulties  !  dilli- 
culties  !  They  were  sent  us  to  be  surmounted. 

Could  we  but  grasp  the  open  and  extended  hand  of  Nature, 
how  happy  we  should  be  ! 


ixixc  m 


\l\l\t. 

"  Be  inapired  with  the  belief  thai  life  fe  not  a  mean  and  groreiUng  thing 

"•"*^»»  B» 


to  be  ahuftled  through  aa  we  can.  but  an  elevated  and  lofty  deati 
IH.WW  of  thinking,  even  if  it  can  be  aequired  to  a 


\\    \\  \cmwmt 

aim  in  i  .tie  for  art.-.  ,»-.  .  i..r  work,  for  good;   not  for 

iiiiiii.'iuli'  obedient.          M  MUA  MOXTKMMORJ. 

\N  .Hi-  of  theOanongata  replied. 
•  H.-,-uu-«-  ii.-  keepi  liked   ol  in  "> 

>o  great  pull  which  ordinary  nm-fiil  work  ha*  over  all  np 


how,.  \,-r  \\.-n  i-aiii..iifi.ti:fi.  i^  ti,.-  iiuin.i'i  n.t.-r.-t  aofaodand     TIM- 
the  Mune  M  that  between  the  work  of  a  haymaker  in  glorious  •unahine  and  ihnt 
iier  doing  k.t  ,|,,H  ...  .luuiml  hurra.-  1  .-xercMe*.  but  the 

CMM  interest  u^  Hn<i  Houl  ituipiriiig.  tin  ••!!,.!  drudgen        K..MI.UT  \\MI\-. 
leBe/aai.i  I.  a.(.  I  there.*  *  .YARD  K 

everyday  faot«  that  all  the*  great  diaooverie*  of  the 
PKICIM 

'I'll.     tr;i\.-||«-r   s|..ul\    (l«  scnid.  <1    t  h.     hill,   glancing   fn.iu    sulc  to 
\inl    as    In-    \\uil     I,  .p.iii    a 

A  flight   "I  sti-ps  |n|  up  towards  its  pillars.     He 

mail  M  MI.    inniiiitrd    thru  it    was   the    lira' 

th«    day,      Within    was  cool   and    l«»!t\.   and   as   his   hcd   strurk    upon 

the    marl.Ie    ll.M.r.    th.     s..und    \\his|,rred    lar    into    the    stillness   and 

I   to  him   au'aii'.       'I'     lai«l   him  d*»un   ii|i..n  a   l»eiieh.   and  d<'/>d 

and  dreamed  «.|  his  h<>m<    and  uil'e  and  children.      He  muttered  words, 

and  .if  a  sudden  if  Ml  med  as  tli.»n^h  the  voice  and   spirit  of  the  <»rgan 

begun    t..   heave  and    murmur  and    heat    and    tnmhl«     m   H  t  he 

.dl   round   him   IM  cam.     pregnant    with   ton.-  and   laden   with   nican- 

and   an   ech.»   s.,imd<«l    from    the   nias,\     walls   to   the    vaulted   roof 

and  bark,  to  touch  his  <..«•.      I  lightly  like  me.  ns,  .      H«    knew 

not   u  h.  nc.    it  0*1 

I      nteiid   t.  .     tin  in   well."   he  said. 

3/ttfir.  —  Education    is    a    wrd.      It    has    lost    its    early    freshness. 

Derived  L.itm  »///.  •>.  I  1-  ad."  and  /-.  "  out."  it  con\e\  s  tin- 

picture  «•!  a  t.  \tractiMi'  certain  <|Uallties  from  the  ehlld,  AS 

you  dii;  chei-si-  out  of  a  round. 

/  N    -u  regard  that  as  an  assumption  ? 

Aftinc.  —  A  IS  one,  knows  what  the  actual 

Dualities  of  a  clnl  I  us  cmplo\  the  term  as  sparingly  as 

max     he. 

Echo.  —  But.  lirst.  have  you  any  especial  m;ht  or  knowledge,  my 

18 
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unseen    friend,    to  embark    on    such   a    shift  in«r  ocean  as   this   attempt 
imph 

Music. — None,     beyond    the    judgment     of    the    average    man    or 

woman. 

/  'in.  Hut  what.  then,  arc  t he  credentials  of  this  man  for  whom 
"«•  play?  First  tell  inc.  what  is  his  interest  in  training? 

Music. — Two  children,  a  boy  and  a  girl,  that  is  all.  Where  shall 
we  begin  ? 

.  Echo. — Why,  at  the  beginning. 
Music. — That  is  in  the  anatomy  room. 

.      I  low  that  ?     You  will  hardly  find  a  trainer  then   ! 

Music. — In  this  way.  Charles  Bell  was 
horn  in  177  \  and  lived  till  1842,  a  good 
round  age.  He  was  the  Scottish  anatomist 
who  pointed  out  in  his  New  Idea  of  the 
.Imilfimi/  of  th<  ltrtiin.  published  in  1811,  t  In- 
distinct ion  between  the  sensory  and  the  motor 
nerves.  \Yould  you  like  to  heai-  how  he 
managed  to  do  so  ' 

Echo. — I  make   n<>  objection  ! 
Music. — Each  nerve    joined    to   the   spine 
along  two   routes,  a  front  and  a  back.     So 
Charles  Bell  took  a  rabbit,  cut  the  front  route 

,.-,,_   291 Charles  B<  ii         °f  a  nerve,    sei/cd  the  cut    end    towards  the 

Scottish  -Hi-noon.  limb  with  a  forceps,  and  the  museles  of  the 

limb  twitched  and  jerked.     Again  he  cut  the 

back  route  of  a   nerve,  sci/cd   the  cut  end  towards  the  limb  with  a 
forceps,  and  the  limb  did  not  move  at  all. 
Echo.— What  did  he  infer  from  that  ? 

Music. — That  the  motor  strands  to  a  limb  ran  out  by  the  front 
route,  and  the  feeling  strands  from  the  limb  ran  in  by  the  back 
route. 

Echo. — Like  enough.     I  walk  forwards  and  not  backwards. 
Music. — Thus    (  harles    Bell    distinguished    motor   strands    from 
feeling  strands.      He  relates  of  another  experiment :   "On  cutting 
across  the  nerve  of  the  fifth  pair  on  the  side  of  the  face  of  an 
ass  it  was  found  that  the  sensibility  of  the  parts  to  which  it  was 
distributed  was  entirely  destroyed.     On  cutting  across  the  nerve  of 
the  seventh  pair  on  the  side  of  the  face  of  an  ass,  the  sensibility 
was  not  in  the  slightest  degree  diminished." 
Echo. — And  what  did  he  deduce  from  this  ? 


TK\IMN«, 

Music. — Why,  that  the  fifth  nerve  pair  are  nerves  of  feeling. 
.in. I  that  the  seventh  pair  are  nerve- 

Echo.-  A nd  '.Out   -.\.i    the-  good  of  it  all  T    lias  a  man  any  right 

ds  111  this  fashi. 

Aftotc.— Bt-ll  did  not  lik.  it  .it}.,  i.  and  used  experiment  .,nl\ 
as  a  last  resource.  And  i,.  -hat  m  ti,.  nerves,  spine,  and  brain 

re  were  special  strands   \\lnch   sent    the   i«.  lmL's  .,i    tin-  skin  to  the 

'us  \\itiiin,  and  special  strands  bore  the  pulses  of  motion  out 

:  he  inn  s  dy  sensory  strands,  others 

o.,i\    ni-.t-.i    strands;    I...   tin  i  distinguished    these   nerves  as 

sensory  and   motor  r«  -sp,  et  i\ «  l\  .      S..IIH-   nerves  «-..ntain   l...tl,    MBHf| 
and  motor  strands.     Tin-  <iiff<  n  nt  n<  rves  and  tracts  and  columns  of 
the  l>rain\    substance-  In    loun.l  "  «l«-\otrd  to  distinct  o!li«-.-s." 
-/.       Hut    \\  hat    has  this  to  do  with  .  >ll  ? 

Music,  \\ith  training  ?  This  much  ;  that  as  the  brain  of  your 
child  uorks  l.v  way  both  ot  i. .  lm«r  and  of  doing,  you  should  train  it 
to  rlimli  alouu  li..th  these  hranchcs. 

Echo. — That  is  an  urtilicial  distinction. 

Music. — It  may  prove  a  natural  one. 

Echo. — I    see    your    intention.      You    mean    his    children    should 

t    mrn-K    thnr    memories    hut     also    their    muscles.     But 

they  do  that  already  in  th<  -und  and  gymnasium  and  training 

corps.     Th«  \    cannot  carry  Jin    jersey  and  flannels  into  the  school- 

•n. 

Music. — Exactl)    \\d.tt    they  should  do.     Better  a  jersey  round 
their  hodies  than  a  towel  ultoiit    their   hca  :         N'oiir  mo«lcrii  ctluca- 
is  lopsided:   it   aims  at   teaching  to  remember,  it   stops  short  of 
trainini:  to  thmk,  and,  what  is  more,  to  act. 

Echo.—  Hut   th<r<    is  n,,  time.     You  keep  a  boy  or  girl  at  school 
till  fourteen.     They  learn  little  enough  of  the  facts  of  past  ex  peri  - 
i      it    is.      Assuming   the   alphabet.    s|M-lling.    smirmg,    reading, 
\\ntini;.  draumu,  arithmetic,    ainl    Knu'lish  grammar,  they  are  intro- 
duced to  geography,  history.  KmJish  literature,  a  modern  language, 
an  ancient  language,  rcli-i-M.  and  geometry.     Sun-lv  to  peace  these 
t   \\ithout  training  them  to  think  ! 

Music. — You  ha\e  mentioned  several  subjects.  Permit ^me  to 
arrange  them  u|>on  the  tacts,  sensory  and  motor.  A  child  hears  the 
alphabet  s|  'I;  i-.  IK  hears  the  sounds  of  vowels  and 

sonants,   and    he   watches   the   teacher's    lipx.      M      is   using    his 
sense  and  his  eye  sense.     Is  he  not  feeling  ? 

Echo.— He  is  indeed. 
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Music. — And  in  grammar  is  he  not  Ix-ino  j,,st  meted  through  his 
cars  and  eyes  ?  Ami  in  learning  pi< -e< -s  <>f  Knijish  poems  ami  <lr:iiiiMs 
and  novels  and  speeches  ?  And  in  acquiring  the  tacts  <>f  geography 
and  history,  tin  l-'n  neh  language,  and  the  Latin  or  Greek  verbs, 
or  in  memorising  chapters  of  the  Bible,  or  in  conning  the  <  l<  m<  uts 
of  mat  In-mat  irs.  is  he  not  still  ever  receiving  at  the  porches  ol'  his 
ears  and  eyes?  II<  is  .hawing  in  as  a  sponge  draws  in  prater.  K 
he  not  ? 

Echo. — Yes,  that   is  pa 

Music.—  But  when  his  child  draws  his  pencil  over  paper. 
forms  his  simple  lim  s  and  curves  into  the  shape  of  letters,  or  traces 
the  outline  of  the  coast  of  a  map,  or  adds  up  a  sum.  or  in  declaim- 
ing on  his  fci-t  some  eloquent  passage,  or  in  vaulting,  swinging. 
and  turning  in  the  gymnasium,  is  he  not  putting  out  exertion. 
doing  something? 

/•'.(ho. — I  agree. 

Music. — So,  then,  the  subjects  of  training  you  mention,  alonu 
with  a  number  of  others  you  do  not  mention,  fall  into  two  groups  : 

Sensory.  Motor. 

1.  The 'alphabet  and  spelling.  1.   Breathing,     speaking,     declaiming' 

2.  The    blackboard    and    the    picture  *//»;///*//.  <l<-l.atin^.  play-acting. 

film.  2.  Observing. 

3.  Grammar.  3.  Tracing,  drawing,  writing,  pa  inline. 

4.  Memorising  of  English.  dictation     and     \v<>nl     painting. 

5.  History  and  Geography.  essaying. 

6.  Religion.  4.  Knitting  and  crocheting. 

7.  French  and  modern  languages.  5.  Pottery,    type-writing,    the    piano, 

8.  Latin,  Greek.  violin,  violoncello,  and  flute. 

9.  The  facts  of  numbers,  geometry,  and      6.  Counting,  geometry,  equations    and 

mathematics.  other  mathematics. 

7.  Timing. 

8.  Swimming,  walking,  marching,  run- 

ning, gymnasium  and  physical 
exercises,  dancing,  jiujitsu,  box- 
ing, fives,  fencing,  foot  I  >a II, 
cricket,  golf,  tennis,  badminton, 
rounders,  baseball,  bo  \\liiij. 
(in ling,  rowing,  steering,  sail- 
ing, riding,  cycling,  photog- 
raphy, scouting,  archery. 

I  note  the  subjects  you  mentioned,  which,  you  observe,  fall  mainly 
on  the  sensory  side.     Your  sensory  subjects  outnumber  an<l   out- 
balance your  motor  subjects,  you  perceive  ? 
Echo. — That  is  correct. 


TUAIM.M,  -77 

Music. — So  the  child  of  this  man  is  being  trained  more  hours 

of  it,.    -I.,-,    i..  I. .  I  than  to  dot 
/      -,     It  l.n.ks  lik- 

Music. — Tli»   iniii«l  ..!'  (}><  child  is  l>.  m-j  influenced  in  tl 
•  hnu'  rsj  ij? 

>*o. — So  it  appears,  if  \«.ur  tenor  be  sound. 
Music,     ll         tiniii^  is  ill-balanced  tli* 

•  ».      lll-l.alaiie.-d  ?     I  was  not  a  war.  •*(  it. 

Music. — An- 1   •  e  earnest  and  dutiful  the  child,  the  more 

ill-balanced  he  \\ill  tend  t.,  Income?     Put  it   tin  \M,i<  I 

that   this  man's  lx»y  or  tfirl  uoiiM  kn«>\\  «,r  would  do  ? 


-t 


Tt 


..  292. — Timing.     In«tantAneou«  photographs  of  a  galloping  horw. 

10. — Both,   1W  th«-s    caiin..t    «  ff< ct    until   tliry  ac.juirr.      A   baby 
starts  l.\    s.  .  in-  ami  listmin^.  and  a  child  hy  irnitatim:. 

Music. — Yes;    but  in  his  hiVuork   \\lnch  \\«'iihl  you  prefer,  tliat 
he  should  know  facts  or  act  deeds  ? 

ft,     Tl.. 

Music.— That   is.  i  in-  should  I.,    hannnnised  to  the  end 

that  he  became  a  captain  ••!'  ditlicult i«  s.  a  planer  of  knots  ! 

lio. — No  dou lit. 

Music. — Then   his   iu<.t<.r   Ltmlties  should  be  exercised  at  least 
as  many  hours  in  the  «i  And  \.«u  admit  that 

does  n<>t  olitain  m  the  subjects  you  mnition  ? 
I   said  SO. 

Music. — So  his  child  is  i,.  mi;  warped  to  the  degree  his  subjects 
are  more  sensory  than  o 
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". — That  is  not  his  wish,  and  indeed  he  has  often  felt,  as 
docs  also  his  wife,  that  the  children's  lessons,  their  memorising,  take 
them  over-long  at  nights. 

Music.— Lessons  ?    What  are  they  ? 

AV//«.     K\.  IVIM  s  in  memory  for  the  n.  \t  day. 

Music. — But  he  has  alr<  ad\  <  \«  reised  the  memory  of  his  child 
ihirinj:  his  day  at  school  ? 

Echo. — Yes,  but  he  does  the  same  again  in  the  evening. 

Music. — He  does  ?  At  what  hour,  then,  does  his  eldest  leave  for 
the  school  in  the  morning  ? 

Echo. — At  nine  o'clock. 

Music. — And  when  does  he  return  ? 

/    ho. — At  half-past  four. 

Music. — Is  he  in  the  air  all  that  time  ? 

Echo. — He  is  at  school. 

Music. — Out  of  doors  ? 

Echo. — Part  of  the  time  ;  mostly  within  doors. 

Music. — But  in  the  evening  he  is  free  to  play  before  going  to 
sleep  ? 

Echo. — Yes ;  but  in  the  evening  he  learns  his  |< ssons  for  the  next 
day. 

Music. — You  repeat  yourself.  What  are  these  lessons  of  which 
you  speak  ? 

Echo. — In  preparation  for  examinations. 

Music. — Examinations  ?  What  next  ?  But  what  are  these 
lessons  you  speak  of  ? 

Echo. — Reading  and  spelling  and  poetry  and  such  things. 

Music. — He  does  these  things  ? 

Echo. — No  ;  I  told  you  he  learnt  them. 

Music. — Now,  do  not  become  loud  and  angry.  You  say  he  learns  .' 
How  long  in  the  evenings  does  he  learn  ? 

Echo. — Oh,  for  an  hour  and  a  half  or  so. 

Music. — He  adds  yet  another  hour  and  a  half  to  the  sensory  side 
of  his  son's  training.  Is  that  well  balanced  ? 

Echo. — It  is  not. 

Music. — The  scale  falls  to  the  heavier  side.  And  both  sides 
should  be  weighted  equally. 

I'.flm.  Yes;  and  to  meet  that  *  'he  provides  tor  the  physique 
of  the  children  both  in  the  gymnasium  at  school  and  in  such 
schemes  as  the  Boy  Scouts  and  the  Girl  Guides.  They  afford  a 
fuller  training. 


IK  \l\l\(, 


IT* 


Music. — Cannot  In-  hinisrli  aff«.n|  that? 

'to.— Yes ;  but  tin-  mottoes  of  these  unions  are:  Be  Prepared  I 
I  .in  tli.   Ixjy  and  tin  -ni  t.. 

Music. — You  agree,  then,  that  th.  <arl>  training  of  the  boy  and 
si,,,.iid  bo  a  I  !mg  and  doing  ? 

>.— Yet, 


Mo  That    is.   In-run-  rvcr  hr  thinks  ,,f  aii\    part  irul.u    .  in;-!  -x 

lii<-work  ? 

/     ,,._  Yes. 

Music. — But  what  IK  \t  shall  \v«-  call  his  lat<  r  traiinit^.  in  his  teens, 

in  his  a[»|»r«  nticrship  fur  hnildiiiir.  or  eabinet-mnkini:.  --r  plumbing, 

«»r  !  inLr.  of  typrnritiiii:.  ur  cU-rkini:.  «»r  account. 

«>r  t«.t(  i  ailniinistfriiii:.  --r  pl-niu'liiiitf  :    shnll  we  call 

that   his  ran 

/    ho. — No;    his  career  is  I  he  actual    prrf.Tinancr  of  his  work 
and  the  earning  of  his   hv.lih. ».,<!.     The   \\.-nl   you  are  seeking  is, 

his    aim. 
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Music. — Good  !     So  training  falls  int<»  the  phases  :— 

(1)  Harmony,  or  genera  I  training. 

(2)  Aim.  or  brcad-\\  innin«:  training. 

/    ho. — That  seems  clear  enough. 

Music. — And  you  deem  harmony  should  precede  aim  ? 
l.cho. — Indeed  yes,  for  you  must  t  ram  to  loin-tern  before  you  train 
to  twenty-one. 

Music. — So  harmony  takes  precedence  of  aim  ? 

!io. — Surely,  surely. 
Vttsic. — For  the  pupil  is  most  n-adily  inllueneed  when  young? 

Bdbo,     ^ 

Music. — So  the  teacher  «»f  his  child  np  to  the  age  of  nine  or  ten 
should  be  trained  better  and  paid  b< -t t< -r  than  he  who  guides  his  child 
from  ten  to  sixteen  ? 

Echo. — I  am  not  so  sure  of  that  .' 

Music. — But  at  least  you  agree  that  harmony  deserves  close 
attention  ? 

AV//o.      Yes,  I  admit  that. 

Music. — What,  then,  is  the  first  sense  ? 

Echo.— Sight. 

Music. — It  is  vision  ! 

The  traveller  opened  his  eyes  and  stared  with  a  startled  air. 
Yet  the  great  slabs  lay  still  with  the  sun  beaming  on  them,  and  the 
pipes  of  the  organ  towered  high  into  the  dimness  of  the  roof. 
"  Strange,"  he  muttered,  "  I  thought  I  heard  a  sound."  He  turned 
on  his  side  and  dozed  again. 

Music. — How  many  senses  are  there  ? 

Echo. — Five. 

Music. — Seven. 

Echo.— No ! 

Music. — Yes  !  Apart  from  vision,  there  are  sight,  hearing,  touch, 
weight,  taste,  smell,  and  breath.  Which  are  the  most  important  of 
these  ? 

AV//0. — Sight  and  hearing. 

Music. — Some  perceive  by  the  eyes,  others  best  by  the  ear.  Hut. 
on  the  whole  the  eye  is  the  greatest  help,  especially  ;il«»n.j  with 
touch. 

Echo. — Yes,  I  would  prefer  to  be  deaf  than  to  be  blind. 


i  i;  \i\i\(, 
Music. — For  with  it  d.  p.  i:  seof  touch  and  form  and  weight. 

I      ieh    I    think    I    understand.      Hut    form  '.'   and    \%ej. 
what  ..t  them  ? 

Music. — I  plaee  a  golf-ball  in  your  hands.     Feel  it. 
Echo.     It  i        covered  with  little  pnmiii 

Music. — You  distinguish  the  prominence*  by  your  sense  of  touch. 
\      i  distinguish  the  I. i^iiess  and   shape  and   form  of  the  hall  alto  by 
jiense  of  t..u«-h. 

Echo. — That   is  touch,  hut    u  hat    is  weight? 

Music. — There    is    \oiir   handk-  :     spread   it    over   \oiir   ritfht 

I  a  stone  ;    take  it   m  \  I  plaee  it  upon  the 

Ikerchi.  t    ,,,    t!,,     bollov  ir  palm.      \o\\  lie  stone  up 


(Pkolo  *r 

Pio.  294.— Firat  AttompU  to  ropment  ohape  and  form  by  a  child  of  3|  ymra. 

\    The  white  dim  are  out  from  paper  to  the  ciie  of  the  ballc,  ahown  once;  flight  rnemmj. 
-lark  ball*  are  oUy  modelled  to  the  form  of  the  balk,  felt  once;  feel 


mi    down    up.>n    fOOI     handk-  and    palm,    testing    its    thrust 

owards  the  i;n  Mind.      Cl-.^    \..m  I ). .  \ ,  >u  feel  that? 

N  cs. 

Music. — Do  you   feel   this  n.,\\  .'       Is  th«-r.    a  diff«  r,  tu.    in  the  I 

. — Yfs :   it  feds  to  me  as  if  it  were  a  small  pebble. 

ic. — You  appi  he-  differ,  nee  ? 

es  ,ee«,nd  ^.-i^  IIL.'! 

Music. — Was  it  the  sense  , -i  toud 
Echo. — No,  'her  tin-  st«»n«    n..r  the  pel)hle  touched  my  hand. 

Music. — It  was  the  sense  of  u<  i-ht. 
Echo. — Hiiin|)h  ! 

Music. — But    eiioiiu'h   "I    that.       \\lu.-l  tirst.   the  art    or  the 

i  '.' 

Echo.     K \plai  1 1  \ourself. 

.I///N/,-.    That  is  \.,iir  ooooern.     \'-"i  ipeal     •   la  •  Md  ri    :•. 
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tall  and  small,  thick  ami  thin,  broad  and  narrow.  deep  and  shallow, 
hot  and  cold,  heavy  and  light,  old  and  young,  fast  and  sl,,\\.  Mark 
and  white.  These  you  call  opposites. 

Btibo.— Tee. 

Music. — Does  his  child  recognise  them  as  surh  ? 
II'    does  not  know. 

Music. — Why  does  he  not  know  ?    What  is  the  age  »•  f  h i s  youngest? 
.     Three  and  a  half  years. 

Music. — Set  a  heavy  thing  and  a  light  thing  upon  its  hand  with 
its  eyes  shut,  and  he  will  find  ah  !  IK  dues  nut  kn<>\\  what  he  will 
lind.  But  there  was  once  a  child  of  that  age,  and  a  block  of  alum 
having  split  into  a  big  piece  and  a  heavy  piece,  they  were  set  in  t  urn 
upon  her  hand,  her  eyes  l»ein«r  shut.  She  poised  these  up  and  down, 
and  obviously  she  felt  the  difference  between  them,  hut  she  called 
the  lighter  one  "  heavy,"  the  heavier  one  "  not  heavy."  She  knew 
the  difference,  but  she  knew  not  the  words. 

Echo. — She  understood,  but  could  not  express  herself.  She  knew 
not  the  proper  \\ords  for  IK  r  experience. 

Music. — The  act  precedes  the  word  !  Further,  the  idea  of  con- 
tout  and  difference  a  child  understands,  but  the  idea  of  opposite. 
as  in  heavy  opposed  to  light,  is  not  so  plain  to  him,  it  is  more  artificial. 
For  one  can  grasp  a  distinction  without  implying  an  opposition. 

Echo.     Yes.  I  agree. 

Music. — By  the  way,  has  he  trained  his  children  ? 

Echo. — He  has  sent  them  to  school. 

Music.— Why  ? 

Echo. — It  is  the  rule  to  do  so. 

Music.— The  rule  ?     Whose  rule  ?     His  rule  ? 

Echo. — Yes,  I  suppose  so.     Every  Britisher  goes  to  school. 

Music. — What  to  do  ?  Is  it  to  observe  the  points  ;  to  seize  out 
the  essentials  ;  before  acting  to  consider  the  results  ;  but  once  deter- 
mined, to  proceed  swiftly,  steadily,  and  without  fear. 

Echo. — Not  so.  They  go  to  learn  to  read  and  write  and  count. 
They  instruct  their  children  in  a  great  many  schools.  They  jriv 
them  lessons  to  drill  their  memories.  They  bring  to  the  front  the 
talents  the  child  inherits,  and  prepare  him  for  his  trade  or  profession 
to  which  nature  and  his  station  have  destined  him. 

Music. — Station  ?  Station  .'  That  is  a  word  difficult  to  under- 
stand. 

Echo. — Well,  you  see,  if  his  qualities  arc  limited,  then  he  must  he 
a  labourer  ;  if  they  are  manual,  they  make  of  him  an  artisan  :  if  he 


n;  LINING 

is  not  keen  on  money,  surrender  him  for  a  teacher ;  if  he  be  of  an  agile 

wit  and  fanK    h-.nest,   they  send  him  to  business ;    if  he  inh< 

nid  eash,  he  goes  to  law,  in- 
than  the  roiii/h  am!  tumble,  tin  >  make  «.!"  him  a  minister. 

Music. — They  regard  th«-  .  Inld  us  a  passive  sponge.    Go  on. 

/    /io. — As  his  special  1 1  earn*  him  fciod  and  happine**,  they 

start  it  as  early  as  possible,  instilling  and  dovetailing  m  the  necessary 
details,  so  t  ;l  in  th«  hue  he  has  to  follow.  They 

give  then- eiti/.eni  a  working  grip  "i  fh.  n  suhj.et  .  I  i  <  y  are  proud 
of  tl 

Untie. — Iperceixe  thrir  state  falls  int..  t\\.. e\p«  rt  di visions  :  fir*tt 
tit* officials;  w«-..n.i.  th.  \\orkcrs. 

'io. — Yes.  tin  ir  tnn.l  i  s  a  govern  n 

Miuic.      Thex    IM-II,  xe  m  ml 

}io. — Yes,  for  good. 

Music. — Who  is  thr  jn<lur«    "I  that  ? 

/  '  ho. — The  alilf  man 

Music. — But  I  nc  tlnnL'  I  •!..  not  grasp.  How  do  th«->  f- 11 

uh.  n  ..n.  ,-lnl.l  is  able  and  wh«  n  one  is  stupid  '.' 

Echo. —  It'  his  par.  nt,  are  ready  t..  sp.  nd  mum  \  on  his  advance- 
iiii-iit.  (h.  n  In-  is  pr..l.al»ly  able. 

Music. — And  \\hat  happrns  t.»  th<.sc  u hcise  parents  <hc.  leaving 

thrrn  u  it  h< »ut   m«.ncy  ? 

Echo. — They  fight  and  shoulder  their  \ 

Music. — Always  ? 

/      </.— Usual  Iv. 

Music. — You  speak  <>t  M  thm   \\  \Vhat  is  the  way?     Is  it 

early  way  or  a  late  way  ?  Manx  lads  early  accounted  dunces 
blossom  -rruards  ulini  they  reach  tlu-ir  \v«»rk.  One  of  their 

leading  island  scientists,  \\ilham  l(ams<ty,  confessed  that  he  never 
did  much  good  at  school.  And  snmr  boys  are  naturally  backward  ; 
>>  I  .n<  «is  in  the  carlx  IIIIK  -tec-nth  eentury.  but 

ulnlc  Young  read  at  two  years.  l'r<  snel  did  n«>t  n  ad  till  ei^ht  yc-ars. 
I.ndwig  BecthoM  n.  the  master  ••!  harmonious  sound,  was  slow  m 
nntolding  to  the  full.  Moth  Julius  C«?sar  and  Oliver  I  'mm  well 
Started  their  lifexsork  alt.  r  they  ueivfortx.  1 )  .  th.  x  m  their  schools 

to   stmmlat  and    self-masterini:   aetixity    thosr  rhild 

and  xonths  \\  |H>  Bather  their  st  n  n-th  but  sl..\\l 

Echo.       The  \vh«»le  Meet   cannot    \\ait    on   tli.     slowi  -t    sf  ,;, 

.W'M/.-.  Then  the  slowest  ship  i-  dropped  I*  •'.>:••.-  •  • 
to  the  quickening  of  the  slow,  if  it  bring  not  interest,  freedom. 
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spontaneity,  indt  pc -ndenci -.  decision,  activity,  attention,  earnestness, 
will,  enterprise,  adxenture.  joy,  broadcast,  what  reward  does  it 
cany?  Harmony  is  the  play  of  the  mind.  An\  tiling  which  st  rains 
to  excess  the  body  or  tin  mind  is  bad.  Shall  you  seek  to  break  the 
will  of  the  child  ? 

Echo. — Nay  !  rather  let  it  will  to  be  one. 

Music. — Respect  thine  <.un  judgment. 

Echo. — But  say,  how  can  these  things  come  ? 

Music. — Slowly  but  surely.  And  not  by  the  passive  machine  t  hey 
call  education.  A  working  knowledge  is  gained  only  by  doin<r  tin- 
work.  Let  us  devote  our  strength  not  to  instructing  <»r  leading  nut 
certain  presupposed  qualities,  but  to  stimulating  the  child  to  exert 
and  make  a  new  hand  and  mind  and  carve  a  new  path  for  himself 
and  for  others.  For  this,  is  school  atmosphere — religious,  academic. 
or  commercial — to  be  advised  ? 

Echo. — I  do  not  know. 

Music. — Believe  me,  they  are  not.  Dogma  throttles  intelli<r(. ,,<•,. 
The  worst  stupidity  is  an  educated  stupidity.  A  son  wants  to  be  so 
trained  that  in  after  business  life  he  will  never  make  a  mistake  wit  limit 
being  able  to  proffer  a  sound  reason  for  it.  Memory  is  a  first  action 
every  time,  never  exactly  identical  to  the  last  time.  The  brain  is 
active.  Therefore  in  your  harmony  lay  stress  not  so  much  on  menu  »ry 
work  as  on  the  direct  action  of  light  and  sound  and  touch  and  weight 
upon  the  senses.  The  lad  will  not  be  expected  to  perform  the  im- 
possible and  learn  at  second  hand,  but  through  what  he  sees  with  his 
own  eyes,  hears  with  his  own  cars,  feels  with  his  own  fingers,  and  does 
with  his  own  hands.  Through  his  own  work.  Do  you  agree  ? 

Echo. — Thoroughly,  and  in  consonance  with  your  tone. 

Music. — Shall  you  start  with  the  simple  and  single  or  with  tin- 
difficult  and  complex  ? 

Echo.— With  the  simple. 

Music. — With  single  colours — black,  white,  red,  yellow,  gr»-en. 
blue,  violet?  With  flowers  and  plants?  With  simple  tuning-forks 
and  gongs  and  bells,  or  \\  ith  single  notes  of  the  harp  and  the  piano  ? 
With  simple  shapes,  round  and  flat,  circles  and  triangles  and  s<jua 
and  cubes  and  pyramids  and  crystals,  rough  and  smooth  ?  Their 
length  and  breadth  and  height  and  tug  to  and  fro?  With  weights 
equal  and  different  ? 

/•>/,„.— Yes. 

Music. — Then  you  will  begin  to  associate  and  combine  the  several 
senses  ? 


Ill  \IM\i, 


/  ll'iw  SO  ? 

Mujric. — The  i.ram  itanra   i»\    -tar\aii..ii,  it  grows  by  growing. 
II   <e  is  a  p  Sannhar,  an  Indian  lo*t  uhi 

Iml.  II      cannot    speak.       HccaiiSe   he   Was   Mir 

I  by  wolves.     You  can  read  it  m  Ins  face.     H,s  i.nun  was 

st ar\  ed. 

Echo. — Yes.  'lit  he  sweeter  look !• 

Mutic. — The  less  hhmlmss   and   deafness,   the   more   sight   and 
hearing.     Further,  which  d<>  i  id  easier,  a 

passage  if  heard  once  and  read 
passage  heard  t 

/•>//•».     I  suppose  the  passage  winch  is 
both  heard  and  seen 

Jfiiw.— "  It    is  tin    senses,"  said  John 

Locke.      "  tl.  iiish      t  li  empt\ 

i  the    nui' 

the     lighter     tl  \lld      tin- 

selves    can    he    associated    with    profit,     tin 
with    the    touch,    and     so    on.      To    ap- 
tln-    \alue    of    the    hand,    hear    the 
words  of  1 1,  was  born  blin<l 

and  deaf  and  dumb  :— 

(Jtoi  •  MMfif*  t 

I    have   just    touched    my    dog. 

II  as    rollini:    "M    the    urass    with 
|>1<  muscle  ami   lirnh. 

I    wanted    to   catch    a    picture    of    him    in    my    lingers,   ai 

I  him  as  lightly  as  I   would  cobwebs  :   hut.  |.» !   his  fat 
bod  stiffened  and  solidified  into  an  upright  position. 

!  his  tongue  gave  my  hand  a  lick.  He  pressed  close  to  me 
as  if  he  were  fain  to  crowd  himself  into  my  hand.  He  loved 
it  with  his  tail,  \\ith  his  paw.  with  his  tongue.  If  he  could 
speak,  I  believe  In-  would  say  with  me  that  paradise  is  attained 
!>y  touch  :  for  m  tom-h  is  all  love  and  intelligence.  . 

M.   band  is  t..  me  \\hat  your  hearing  and  sight  together 

are  to  \on.     h,  large  measure  we  travel  tin-  same  highways, 

read  the  same  books,  speak  the  same  language,  yet  our  c\|*  n 

•t*s  are  different.     All  my  comings  and  goings  turn  on  the 

.d  as  on  a  pi\  ot .     It  is  the  hand  that  binds  me  to  the  world 

of  men    ami    W.-MMM.      The    ham!    is    mv    feeler,    uith    which    I 
reach  through  isolation  and  darkness  and  seise  every  pleasure. 


Pio.  295.— «Miich 
wulf-man. 
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every  net  ivity  that  m\  tinkers  encounter.  With  the  dropping 
of  a  little  \\ord  from  ;»n«.tl.ci-\  hand  into  mine.  a  slight  Mutter 
"I  the  tinners,  licgatl  the  intelligence,  the  joy.  the  fulness  ,,f 
hie.  Like  J..I).  I  feel  as  if  a  hand  had  made  me,  fashioned  me 
to.,"  tin  i  round  about  and  moulded  my  very  soul.  .  .  . 

"  The  delicate  tremble  of  a  butterfly's  wings  in  my  hand. 
the  soft  petals  of  violets  curling  in  the  cool  folds  of  their 
leaves  or  lifting  sweetly  out  of  the  meadm\  --urass,  the  elear. 
linn  outline  of  face  and  limb,  the  smooth  arch  of  . 
n.  ek  and  the  \el\ety  touch  of  his  nose  all  these,  and  a 
thousand  resulting  combinations,  \vhieh  take  shape  in  my 
mind,  constitute  my  world.  .  .  . 

44  The  thousand  soft  voiees  of  the  earth  have  truly  found 
their  way  to  me — the  small  rustle  in  tufts  of  <,rrass.  the  silky 

s\\  Ish  of  leaves,  the  bu//  of  Ills*  ets.   t  he  hum  of  bees  ill   blossoms 

I   have  plucked,  the  flutter  of  a  bird's  wings  after  his  bath, 
and   the    slender    rippling    vibration   of   water  running 
pebbles.     Once  having  been   felt,   these  loved  voices    rustle. 
buzz,  hum,  flutter,  and  ripple   in   my  thoughts  for  ever,  an 
undying  part  of  happy  memories.   .  .  . 

44  If  a  fairy  bade  me  choose  between  the  sens,  of  si-Jit 
and  that  of  touch,  I  would  not  part  with  the  warm  endearing 
contact  of  human  hands  or  the  wealth  of  form,  the  nobility 
and  fullness  that  press  in  to  my  palms." 

Echo. — But    how    can    this    woman    hear   sounds    when    she    is 
deaf? 

Music. — By  vibration.  She  says,  4t  With  my  own  hands  I  have 
felt  all  these  sounds."  And  not  otherwise  for  the  child;  sounds, 
words,  pass  from  one  ear  to  the  other,  unless  he  paws  them.  Show 
him  your  watch  and  explain  it  to  him  ;  it  is  a  lesson  ;  he  strains  to) 
follow  you,  and  forgets  again.  Show  him  a  sand-glass  for  egg- boil  ing 
and  explain  it ;  it  is  a  lesson ;  he  strains  to  follow  you,  and  forgets 
again.  But  show  him  them  both  together,  and  ask  him  to  ascertain 
whether  the  sand-glass  records  a  minute  at  the  same  moment  as  doeJ 
the  second  hand  of  your  watch.  It  is  a  game  !  He  compares,  his 
mind  begins  to  work,  he  shouts  in  glee,  he  remembers  and  comes  back 
to  "  play  it  again."  He  has  made  a  thought  for  himself.  Remember 
that  selfishness  is  the  usual  precursor  of  self-sacrifice. 

Echo. — Oh,  the  children  are  keen  enough  on  games,  but    life  is 
not  all  a  game. 


uxixc; 


L«  1. 1  in   SO  a*  kMlg  OK   possii»l«    ;     k<<  p    tli<  in    Ir-.in 

T«  II    im-.    IP-NN     \M»ill«l    \"M    Kuril    tin     alphui. 

/    ••••.     I  \\..ui.i  sh..N\  inn.  ii,.   i.  u.  i    ami  till  iiim.  fin    is  A,  and 

tills    i        I  i  I    tills    Is    <  II    -\\    rlsr    '.' 

. — A,    H     K  .  An>  thin^   111. .re?     No?     .s«ir«  l>   ! 


i*  UU  ?  .....  rfm  9/  B.  P.  Cmt^r^a  j  Cmnr**  •/  D+Um.) 
296,-Maria  MonU«ori.  the  chiWnn*'.  tminer. 


(>i\<    him  a  iic\v  jjame,  a  piece  »>t  -.tn-i  ;•..;••  i  .nul  a  jmir  of  scissort, 
aii.l  l<-t  linn  rut  ..ut  tin-  I  i  hiiiisrlf  ami  pastr  thnii  on  a  card- 

l».»anl  \\itli  \MIII-  lirlj..      Tin  n  Irt   linn  shut   his  «  \  cs  ami  fit  1  t  lit-  shape 
•  >t'  tin    roiiu'li  siii-fari-  of  tin   Irtti-r  A  ami  tin-  .'tlirrs,  ami  race  th< 
boy  at  •iistniiruisiiiiiM  tin-  one  fn«m  tin-  otlu-r.      He  has  now  the  tnplr 
i^np.  <  \.  aixi  ear  and  touch.     Ami  ><>n  avail  him  nf  Ixith  ii  is  sensory 
ami  Ins  ni.  .t.«r  pulsrs.     Tlirii  ht  him  shapt-  tin-  irtters  out  of  clay. 


•JSS 
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And    in    IraniiiiL.'  to  write.   \<>n  will    pl«.t    l'..r    I  In-  child    a   circle   and    a 
triangle,  and  tell  him  to  till   in  tin    inside  spaces  \\ilh  a  pencil. 


{After  Maria  Montr**ori.     Tin*  „,,  l>v  /•/„/!/.  ,(    Tact*,  London.) 

Pio.  297. — Cylinders  of  VMying  <li;imrtero. 


(After  Maria  Mont,**oH.) 
Fio.  298. — Cylinders  of  varying  dep 


i  .\ftrr  .If aria  Monttttori.) 

299. — Cylinders  of  varying  diameter  and  depth. 

Echo. — He  will  make  many  mistakes  and  overstep  the  edge. 

Music. — Naturally,  but  each  time  he  does  it  better,  making  his 
lines  more  and  more  parallel  and  straight.  And  later,  in  writing  the 
names  of  the  world's  lands  you  will  furnish  him  an  atlas,  to  combine 


I  i:  \l\l\(, 


ind  sensory  m«  m-.n.  -.     Sou  \vill  alMi  m\it<   him  to  model 
tin- atlas  in  cla        N  th.  -picture     t  he  child  Handel  du- 

1  at   midnight  playing  the  piano,  on  his  ..un  u,,t  Tlie 

child  selects  as  well  as  sees.    Arouse  the  eun.-it  •.   promt  m  ei 
sensihl-  .mi  \ou  \\iii  im.i  that  the  greater 

the  raii-^c  ..t  MI  im^'s.  the  greater  the  n^ 

the 

child.       I  i  'mud     that     tin  \     introduce 

limelight    into  the  schools  '.' 
/    //.i.      Tin-  em.  ma  T 

I/  P  Ills    th. 

Hilt    limelight    slides  T 

/    '"'.     1 1    it   is  feasible. 

i/       .        l  me  is  feasihl.       I    •   them 

USe     their     oNMi     e\i  !  i      lll\lt.       tlielll      hvojllcs 

ti«-i;  ason      from     th 

An    OUnoe    "i     thought    out  \\ei.r|,s    a    ton    of    i 
Smother  not  the  instincts  in  ink.      It   is  the  simple, 
the  obvious,    that    teaches  best. 

/     '    ..       \\hat    the, 

W  /.vie. — Ix-t    us  turn  back  to  our  double  list  «.f 
Mil*:  usory  and  motor.      \nd   let    us  regard 

them  \\ithoiit    p-  '  he  efforts  ah.  ad\    ; 

l»\  so  man\  spli  ndid  men  and  \\<>ni<n.  \\  •  s|>eak 
"!  hreathiiii;.  spiakmi:.  deelaimuiLr.  sinu'ini:.  del.at- 
inu'.  play-acting.  I  .-luld  l».  LMIIS  l,\  breath- 

ini:.    but    as    he   grows   he    speaks    more    and    more 

distinctly    then     he     repiats    simple     pieces    nf    p'.i-try 

and    pr..se,  he  sin^s.  h,-  discusses      ho\\e\cr  simply 
\\ith    his    coiiiti  1    as    he   (tin  ind 

(  ,         «.l/irf  M*n*  V     t  nii'l.) 

answers     he    brings     the     muscles   ot     his    lace   and     Kj       ,(M(      ,(     .   mf 
anus    an. I     l.ody     into    play.      So  child     is    an 

actor.     Hut   if  he  i  I  speak,  is  it  \\ell  t  hat  he  speak  better 

or  \\orse  ? 

-.       Hetter  and  more  distmctl)  . 

Music. — His  trainer,  then,  should  IK-  trained  in  the  art  of  choke 
speakinir,  ami  should  have  Tree  access  to  the  best 
pla\  s  of  ancient  and  modern  times. 

•'.— Yes. 

Music. — There  should,  then,  be  a  national   theatre   in  association 
with  the  schooling  all,|  th,    picture-house? 
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Echo. — Yes,  and  space  provided  either  in  the  school  or  separately 
for  such  school  tlu-ai 

Music. — And  the  children  should  be  able  to  perform  simple  plays 
among  themselves. 

Echo.— Thcv  should. 


(Afirr  Montftiori'M  Handbook.) 

Fio.  301. — Metal  insets  and  frames,  of  various  shapes. 


(Aftrr  Uonttttori't  Handbook.) 
Fio.  302. — Sand -paper  letter. 

Music. — And  you  trust  the  actors  and  actresses  of  England  and 
Scotland  and  Ireland  and  Wales  to  assist  to  that  end  '.' 

Echo. — I  do,  indeed. 

Music. — Then,  secondly,  there  is  observing.  We  placed  that 
among  the  motor  subjects  ? 

Echo. — We  did,  because  we  move  the  eyes  from  one  direction  to 
another. 

Music. — But  we  feel  the  light  through  our  eyes  ? 


1 1;  uxixc; 


/     <>.— Yen. 

Music. — The  babe  feel*  tin  ?!.•   impulse  ..i  hjht  ami  tl 

s  towards   the    \MII.I..\N,    so    that    ..liser\  in-,'    i*   a   ttUlij'-ct    U.th 

sensory  and  im>t 

/  I        .s. 

I/  Ami    tin-    rlnlil    will    rnm  inln  r    l.ftti-r    ami    more    easily 


3O4.-— AmyriAn  baa-rrlicf.  in  the  HritUh  II 

iccording  as  observing  becomes  sensory  and   motor  at  the 

inn  . 

/  \\  '.at    mean  \  ou  ? 

Mlific. — We  spoke  of  mnm.ry  Iwini:  sens,,r\  .      Is  that  right  T 

Echo. — It  seemed  so. 

A/tmr. — It  i^  m-t  ;    it   is  also  im>tur.      (,I\T  a  child  n  lulliard-ball 


•J'.rJ 
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•imi  hall,  and  tell  him  to  draw  their  si/c  on  paper.  Then 

measure  them  with  the  com:  l'ln-  menu  •  •  \  ..filial  is  sensory. 

/  ho. — Yes.  tor  the  shape  of  the  halls  travels  from  the  balls  t«> 
the  < 

Music. — But  blindfold  him  and  let  him  feel  and  paw  the  I  \N  o 
balls.  Then  let  him  take  a  pencil  and  trace  the  shape  of  the  halls 
on  paper.  The  memory  of  that  is  motor. 

/  lo.  \Vliv  so?  It  depends  »n  the  touch  of  the  lingers  as  well 
as  on  the  play  of  the  muscle,  of  the  forearm. 


I •-,,..  ;;n.->. — Types  of  ancient  Grecian  vases,  in  the  Louvre,  Paris. 

Music. — Perhaps  you  are  right  in  that  objection. 

Echo. — And  for  that  matter,  if  the  remembering  from  blindfold 
depends  on  the  moving  of  the  forearm  mnseles.  the  remembering  of 
^<  ,  ing  depends  on  the  moving  of  the  muscles  of  the  eyeball. 

Music. — Perhaps  so. 

Echo. — So  it  appears  that  sensation  and  motion  are  so  united  as 
to  run  the  one  into  the  other,  to  he  sometimes  practically  indistinguish- 
able. So  your  distinction  is  useless  between  sensory  and  motor, 
is  it  not  ? 

Music. — No,  the  distinction  is  useful  :  it  has  enabled  yon  to 
point  out  a  fault  in  my  reasoning.  And  if  yon  reject  it,  can  yon 
proffer  me  any  better  distinction  in  tin  us  ? 

Echo.—^Sot  at  the  moment. 


I  l;  \l\l\(, 


.« w.— The  Thcoeuft.  from  the  Parthenon. 

...    !h-      I. 
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Music. — Let  US  hold  to  it.  I  hen.      Knitting.  I'm-  insl  a  nee.  illiisj  r;it  <  s 
motor  memory  to  us.  tl.M-s  it  not  ? 

'.      It  .Iocs  indeed. 

Mitfic.      And   tlir  sending  of  Morse   signals   by   means  «•!'  lla^s,    is 
it  not? 

.— It  is 

C. — \VliiHi  is  easier  to  d<.  than  in  read  signals? 


Fio.  308. — The  head  of  the  Hermes :  by  Praxiteles. 

l-'.cko. — I  believe  so. 

1///V/V.  \\  «  II.  t  h.-il's  motor  men  lory.  Then  in  ()bservin<r.  the  child 
should  receive  a  number  of  objects  to  feast  its  eyes  upon  and  to 
move  its  eyes  from  one  to  another  ? 

Echo.— Yes. 

Music. — And  it  is  well  that  his  trainer  should  help  him  in  that  ? 

Echo.— It  is  well. 

Music. — But  to  direct  the  pupil  of  the  pupil  successfully  it    is 
\v(  11  that  the  trainer  should  himself  have  seen  ? 

Echo. — I  agree  therewith. 


I  I ;  \  I  \  l  \  i . 


Music.  Hut  n  tin  trainer  i«  to  see,  I  hould  IK-  prrvioutly 
accustomed  to  seeing  object*  T 

l                  :  semi  reasonable— mat  ts  an<i  <|imlities. 

Music. — Si  -king,  and  especially 

flu     deheateK    and    tirinl)    pois.d    I, rain   ami    nerves, 
ami  I'm t In  T.  flu-  . .hj.  et  .  u  plants  and  aninmU,  and  in  the 

nts  aiul  Dulles  ..i  the  earth  t      F«»r  of  all  profoaioiis.  th 
is  the  most  n  In 

Echo.— Yes. 

If  tine. — A  working  knowledge-  .*i  the  mam  facts  of  what  we  call 

ury,  bota 

u'>  .    physies.    elnniistry,    and    geology, 
bete  i-NNi-ntial  ? 

/  I  ai«        iinlis|H-iisal»|i-       and 

:tc«J. 

Untie. — S«»iii«-  N||.T|,I   k!i..\\i,-iljrr  of  tin- 
stars    Ml!  !l«      h.l- 
tin-  rarth.       Ami   UlCSC  arc  Init    tli«- 

|)p»t'cssi 

/  AN     t  j|. 

3/tmc. — Hut     tin-     train,  r     IN     !,.    tin.; 

aU«»   tlir    main    Illirs    ,,f   the   commerce 

•I  feeds  off  :    and    f->r    that 
he  requires  at  least  a  general  ^  tin- 

past  hiNt'»r\  •>!   his  native  land, 
in  act  mn  and  in  letters,  and 
the    !  -fher   lands.      \Vhieh    again 

supposes  and  involves  a  geographical   nn- 

tandiiiL  f  the  globe  itself  and 

all  that  we  inherit  :     their  eiist..ms.   their  language,  their  lit- 
tin  'N  and  imports,  their  strn^_  !  eiiianeipatimi. 

\     t  this  may  e\en  take  him  as  far  back  as  tin    l  .n.  the  Hehrew, 

the  (,r«  ,-k,  and  t         I!      nan. 

It  may. 

Music. — And  to  these  end,,  it  In  has  to  pass  any  examinations  of 
tit  ness  at  all.  it  should  lu-  on  the  subject  of  such  general  knowledge, 
and  if  In-  passes  with  siieccss  he  should  neeive  a  certificate  for 

general    mi;  :it. 

N      .   for  he   will   then  have  proven  these  natural  objects 
Mime.— But  without  sympathy  these  things  arc  useless     Which 


•JIM; 
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Fio.  310.— The  Laocoou. 


FIG.  31 1.— Dying  Gaul :  the  Coliseum,  Rome. 
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or  a  bearer  of  *y  in  pa  thy  t 


Echo.-    I 

'•/  \'c\      r   t\\o  \\ith  an  equal  »yinpath\  .   \<»u  would  prefer 

tin-    ••in-    \\ltll    thr    III  III    ohsrrx  |||g  t 

/      ">.  —  I  Would.       Hut 

l/  I  yearning   ol    t|,,-    |M.,rt.   as   in   thr   lu-ar 


Fi-..  :U2. — TheMoM«:  by  MicfaeUngeto. 

i        (  \         bh,wiien  he  east  His  eye  down  from  the  Mount 

"i  <)h\«  t  o\.-r  t !  i  the  Jews  and  lelt  towards  it  : 

\d.  .Irnisalrin.  .1-  i.  thoii  that  kill*  st  thr  prophets. 

;  xtonrst   thrni  \\hirh  aft  ^<  nt   unto  the*-,  how  often  would 

I  h;  I  t  h\  rlnldirh  toLr,  1 1.,  i.  •  \  •  n  as  a  hen  gathrn-th 

hrr  rhii-k«  us  iindc-r  In  r  \\inL's.  ami   \.    \\ould  not  ! 


I  -rthr  Mi-rat  iir^nn  incited  a\\a\.      Thr  t rnvrlli  r  st rt  tched 

his  liinl^  yawned   h«a\il\.   and   turned  «m   tin-  ..th«r  The  air 

lillrd   uiirr   in- Mr   into  thr  stillness. 


-">s 
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Music.  —  Have  we  time  to  take  up  each  subject  in  turn  ? 

Echo.  —  We  have  not. 

Music.  —  Yet  counting  is  of  consequence,  for  it,  too,  is  both  a 
1<  -a  ruing  and  a  doing,  and  a  useful  training  for  the  child. 

/    bo.     What  of  it,  pray? 

Music.  —  Shall  our  counting  be  easy  or  diilicult  for  the  child  ? 

'10.  —  Easy,  for  the  more  time  he  saves  at  one  branch,   the 
further  he  will  travel  in  that  and  in  other  hranchex. 

Music.  —  With  what  do  you  count  ? 

AV//O.  —  With  numbers. 

Music.  —  Every  system  or  symbol  of  numbers  —  English,  M<>rs«  -. 
1  eimal,  septimal  —  is  artificial.  Each  is  a  language 
of  numbers,  as  French,  German,  Spanish.  Italian, 
Kn-lis!,.  Esperanto  are  forms  <>r  speech,  and  both 
\s-»rds  and  numbers  are  hand-movements.  We  may 
write  the  name  or  word  of  the  Western  Kle  in 
sixteen  finger  movements  either  as  BRITAIN,  or  in 
the  signalling  and  telegraphic  code,  as  - 

-  •     We  may  write  the  numbers  one, 
two,  three,  four  either  as  1,  2,  8,  4,  or  as 

•  •  And  since  these  are  artificial  ways 
and  means,  we  need  not  hesitate  to  discard  them 
whenever  a  simpler  one  presents  itself.  Whether 
the  decimal  system  will  itself  yield  to  some  more 
natura^  count»  measure,  and  weighing  is  open.  l>nt 
that  it  is  simpler  than  the  system  at  present  in  vogue 
in  that  Western  Isle  is  certain. 

Echo.  —  WThat  mean  you  by  the  decimal  system  ? 

Music.  —  The  reckoning  in  tens. 

Echo.  —  I  have  heard  it  mentioned  for  the  coinage. 

.1///.S/V.      In  coinage  it  would  run  after  this  manner  : 

1  copper  is  roughly  1  farthing. 

2  coppers  make  1  cent. 

4  coppers  make  1  penny. 
10  coppers  make  1  nickel. 
25  coppers  make  1  silver. 
50  coppers  make  1  shilling. 
100  coppers  make  1  florin. 
250  coppers  make  1  alum. 
500  coppers  make  1  gold. 
1000  coppers  make  1  pound. 


Fl° 


MI.  ieiangeo. 


TKAIMM, 

/  i;    luring  the  •  muni.!  r  of  coin*  t 

Music.  —  Kedn.  in-   the  conftiM  n      N.I.    is  tt  random   sum   for 

addr 

£     *      d. 
28  15     0) 
87     7   11} 
11    19     0} 

i      .      5* 

6  17  10J 

^•parate  lines  have  to  be  added  and  t  dree  separate  divisions 

m  made,  th,    m.t   h\    i.  the  second  by  12,  and  the  third  h>  20. 

l 

£89,  2s.  7jd.,  or  ei^ht  y-nme  pounds.  two  shillings,  mod 
sevenpence  halfp.  nn\  . 

/    ho.  —  And  on  t!i'  I  coinage  ? 

Music.—  It  would  be— 

fjs  ?«.»o 

87/899 

11/976 

4/072 

6/898 


T"t  ailing  £89/180    or    right  y-ninr    pounds,   one 

tl..rin.  ami  thn-r  inrkcU. 
I          lines  to  be  add*  d.  and  n«>  di\  ision  to  )»«•  made. 

Echo.  —  That  would  be  a  saving  of  time,  a  relief  of  worry,  and  a 

;ise  of  artix  it  \  .  t«.  the  ytuing  ! 

3/urir.  —  Tin-  Minj.!  fchebcst      I.n'«   is  ni«»n-  than  an  obstacle 

race.      Ami  SOIIH-  day  y«  t   th«    lianc.  the  mark,  the  shilling,  and  th<- 
dollar  may  accelerate  to  an  amalgamation. 

>f).  —  But  you  mention  another  siihj.  et.  timing. 
Music.  —  A  m<>st  important  one,  but  over-long  to  consider  now. 
Time  is  a  very  pncious  metal.     How  much  is  a  man's  span  T 

''to.  —  Seventy  yean. 
Music.  —  How  long  are  these  years  ? 

nty     only  seventy. 

Music.  —  Are  they  not  eternity,  back  and  front  ? 
Echo.  —  Now,  now.  u  hat  mean  you  ? 


Til!      I  II  I      OK    M  \TTI.K 


Music. — Again,   we  spake   of   physical   cx<  -rcise.      Shall   a  trail  M  T 
be  a  mail  or  a  woman,  physically  fit  ? 
/    ho. — Undoubted  1  y . 

Music. — If.  thru.  IK-  is  to  be  examined,  shall  he  not  be  asked  t<> 
run  a  distance  of  a  hundred 

/o. — Surely,  and  be  a  swimmer,  and  photographer,  and  b<>\<  T. 
and   be  acquainted  with  the  \  nln< Table  points  ,,f  the  body,  in  health 

and  disease.  Indeed  he  might  specialise 
in  one  such  physical  hobby,  such  as 
Swedish  training,  so  as  to  train  the 
youth  therein  ;  and  be  examined 
t IK  i (<>n.  if  indeed  an  examination  be 
a  L.r<>"d  thing. 

Music. — Then    shall    he    learn    and 
teach  to  shoot  ? 
Echo. — Certainly. 
Music.— What  with  ? 
Echo.— With  a  rifle. 
M usic.— What  is  a  rifle  ? 
Echo. — A  metal  machine  to  project 
a  bullet. 

Music. — Towards  what  ? 
Echo. — Towards   a  grouse  or  rabbit 
or  man. 

Music. — Wherefore  ? 
Echo. — So  that  they  may  die. 
Music. — But   we   seek   to  train   the 
youth,  do  we  not  ? 
Echo.— We  do. 

Music. — Then    shall    we    train    the 
youth  to  project  a  bullet  at  a  man. 
that  he  may  die  ? 

Echo. — Yes!     No!     I   cannot  say.     It  appears   scarcely  the  act 
of  a  gentleman.     Yet  a  rifle  trains  the  eye  and  steadies  the  hand. 
.W</x/V.      What   of  the  bow?      Does  it   too  train  the  eye  ? 
/•>//</.     I  suppose   so.     It  aims  at  a  target  with  a  feathered  arrow. 
The  archers  oi    Knjjland  were  once  the  finest  in  the  world,  men  of 
firm  and  unbreakable  spirit. 

Music. — Does  it  train  the  fingers  and  the  arm  and  the  steady 
balance  of  the  body  ? 

Echo.—  Ye.s  ;    in  the  stringing  of  the  bow  and  the  drawing  of  the 


I  i...  314.— Mother  and  child 
by  Michelangelo. 
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arrou    t..    tl..-    li.  a- 1.    tl..     I,,  inline   :tii.i    spanning   «•!    thr  bow  and    ' 

alll  1 1  111/    -it     tin      tl:.uk. 

Mutic. — Is  I  to  th.  nil.  111  these  respect*  ? 

Edko.-Ycs. 

Mu*ic. — Ami  IN  it  advantageous  \\\  n  s|><-<-t  that  tin-  ,  ntirr  action 

l  h\  tl><   h..\  .  \.  i.  t.,  ill.-  t!  -  lie  arrow  T 

/   /io. — Tin-  riilt-  is  .put.  autooMtk  m  pmj<  •  • 

A/ttflC. — Tin-  bo\\    is,  t!  tin    MIJM  ri-.r  .. I   th.    nil.    ;',  jH.mt  of 

/  9        t    \\oiild  ap| 

V  Ami   it   affords  a  means  «»r  instrum.  nt   on   ulnrli  tl..    l*»\ 

may  set  a  care  ami   pride  111   tin    k.  .pin-  ami  urll  stringed 

in  Does  H    m>t  also  L'  means  of  competition  hot" 

classes  an>i 

\        ;    hut    that   <1< -n 

^  i 'i  fie. — Evii  in  tin  dnisrst  <-iti.^  there  an-  puhiir  parks. 

is  tin-  space  required  im»n-  than  in  tin    sh.M.tin^  \\ith  a  rifle? 

•10. — No;   less  open  spin  I  r««r  the  bow  than  f«ir  tin- 

nil'-.  t<>r  its  range  is  less. 

A/uric. — And  tin-  boy  could  m.t   p..ssih|\    mia-jin'    tin-  shooting 

of  in  is  t..  train  him  l'«.r  tin-  kill  in-  «»f  life,  could  In-,  now  ? 

\    .   In-  could  liardlx    nnau'iin-  t  ; 

Mu*\C. — Then    tell  nn -.   uh\    is  tin     h.>\\    m.t    m-.r.    used  than  it  U  ? 
1  •  niakt-  than  the  ritlc  ? 

/  \     .    the    !M»\V    is    rlnaptr.      One   can    huy    twefitv     lx>WS   of 

is  str,  ii-tlis  and  HSCi  !'»r  tin-  {•'  -ne  rillt-. 

\lu*ic. — It  is  pii/./Iini:  that   there  is  m  >t    \«t   a  pmtitahlc  industry 
tin-  niakini:  «>t   tin  sc  inst  runn  nt  s.  t-T  tin    «!•  inand  for  thnn  M«»uM 
DC  great  (i-  than  l'«.r  t  <'iinis-ra<-(pi,  t  s  and  rrn-k«  t  -uld  it   i 

•       It  is  strange  indeed.     Hut  tell  nn- «•!' tl  in  what 

things  besidi  s  an-ln  r\    shall   In-  stinmlatr  the  youth  '.'      Inform  me  of 
a  few  of  tin   facts  of  practical  observation. 

Music. — The  touch  of  bodies,  their  shape,  their  length  and  breadth. 
i  In-ijrht  and  thickm  ss  and  cd^es.  their  l\-i-l.  tin  n  \\.-i^ht.  th«-ir  form. 
tin  n  «.!.. m.  an<l  t.  \ture  and  graining;  the  sea,  earth,  and  tidrs;  v 
tin-  watrr  ebbs  and  flows  twice  a  day  ;  tin-  moon,  the  sun.  the  planets, 

of  tin-  fall    of   a    stom-    to   earth:    the  prop*  it  ies  of  Water,  steam.   : 
Of  all  that  inu  tin  Tost,  \\mds, 

1  forests;    of  gases  ;    of  oils  ;    mercury,  the  tlnrmonnt«r  and  tin 
barometer;    the  graining  iron.  lead.  tin. 

aluminium,  eopp.-r.  silica,  and  their  uses  in  coin  the  JM  ndulum  ; 
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the  effects  of  mechanical  strain  :    the  nature  of  the  strains  ol'  li^ht, 
heat.   phosplion-scence.   sound,  and    the   telephone   and    its    parts;     the 

eleetne  cell   and   cm-nit    and   the  magnet;    telegraph  and   \\ircless; 
the  discovery  and  working  of  the  phonograph  ;    the  spinning-top  ; 


i 


l-'i<;.  .'{!.").  —  The  arc-In  -r  «•! 


the  gyroscope,  the  telescope,  the  microscope;  of  grasses  and  flov 
and  roots  and  leaves,  and  trees  and  crops  ;  of  bulbs  and  their  gn  >\vm-  . 
of  the  potato;  of  animals  and  their  handling  and  habits  ;  the  aquarium  : 
of  coal,  its  raising  and  its  applications  to  dyes;  of  soap,  hoots. 
clothes,  paper,  mechanical  models,  motor  cars,  locomotives  and 
dynamos,  bridges,  yachts,  ships  :  clay  modelling,  pottery  and  va 


I'KAIMM, 

making  ;    the  plaiting  of  baskets  and  mats,  the  uses  of  thr  bamboo ; 

.',  scwaj,"  furnishing  and  garnishing 

•  •!   i-i  \\o«,||.  an,  cottons,  linen*,  silks,  «mhr 

and  sculpt  Trad  and  butter  ;   of  the  nrti.»n  of 

yeast  ;   <>!  musel.  -ami  its  art  i..n  ;    .  -I  t  hi- making  ami  <  ffecta  of  aicoho!  ; 

(Of**,  milk  and  good  cooking  ;  simple  farts  of  M.MM|. 

I       !    tin    In-  h  Ins  t- 

Ins  none,  and  to  expand  and  liar- 

himself  \\it  e  ;    t..  keep  ins  t<  mjM -r  «  \«  n  in  a  quart  tr\ 

to  be  strong  «  n-  -M-h  t»  n  L»aid  the  body  of  a  \\«.man  and  Ins  own  honour 

I  ?   IHT  blood  is  kept  j.iiri   and  tinnuy 

to  clani  h.  r  st.M-kinys  ;  t..  int-Tiii  ln-r  ..f  thr  |M.SS||.|,  i.hjc  <-t  |.  .us  t«.  th« 
IMIWI-IS  art  ing  only  oncv  in  ten  days  ;  to  c-iM.k  a  nual.  t«.  l.ak«-  i  !  .1! 

.th   |..r  tin-    n-gnlar  sln-p-ai.  iianagi  r 

cliiMtni    .m<i    i.-i    ?  htical  judgment   ro-equal  uith 

that  ••!  IK  r  Int.;  in  <ln»\Mniigt  and  M>mc 

kn..\\lr.lLT  ..I  t..  the  bleeding,  thr  l>m 

and  j.-ints  and  iniisrh-s  ;     sonic  faillt  Ilotioll  of  the  llli>VC*nirilt«i 

and  l.iisincss  «-nrr«jy  ami  public  purpose  visibli-  around  us  ; 

of  labour  and  I  :    how  man  cam<    t«.  «rnp|..\   tin.  and 

the  growth  of  weav  •«  r\ .  sculpt • 

painting,    printing,     lithography,    and    the    arts.     The    elements    of 

\  \..t    t. adiin^    from    the    real    t..   th.     ideal.  Of 

al  t..  ti  i.ut  discovery  of  the  ideal  in  the  real.     To 

the  mind  is  bad  :    to  focus  it   is  good,  and  the  yain  of  one  is 

th.    .»aiii  of  all.     And  scores  of  similar  points  of  naked-eye  imjuirx. 

the  ehil»lr«-ii  t.i  \v  -  «rk  "lit   with  \\Ti  eyes  and  hat  II 

t<>  do  old   things.      How  to  seek  new  things.  t   have  \..u  seen 

to-day?  \\hat  ha\«  you  done  to-day?"  These  are  one  or  two 
points. 

9,     Hut   enough  for  a  start.     Some  of  them  are  being  done 

Iv. 
Mturic. — So  that  the  boy  or  girl  of  this  man  will  not  have  tin  ir 

sell. '..I  an  educated  eattle.  daiiL"  i'"'i-l\  ignorant  of  their  own  bodies 
and  the  facts  «  stciiee.  They  \\ill  not  be  over-dnlletl 

in  past  memory  \\..rk.  it  is  true;  but  they  will  eoine  to  think 
independently,  and  \\ithoiit  nlwa\s  ha\  mi:  someone  jogging  and 
explaining  at  th.n  .  ll...w.  Less  avixanduin.  lom 

int'  ^\  n    uho   will    maii.t.i  •.    an   in<lr|M-iuient 

honesty  of  purpox.  .labl*     to   put    their   whole  strength   into 

their    \\ork. 
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. — And    incidentally    to    command    higher    \va«rcs.       I    should 
say  the  more  interest   to  the  boy,  the  higher  interest   to  his  employer. 


(.\ftrr  Lilcrn  ll-ir,hi.\ 


!16. — Tending  plants  and  animals  in  the  Canongate,  Edinburgh. 


f  .l///r  I.i  I  fen /lardy.) 


Fio.  317. — The  afternoon  deep. 


I  oi  ;d<Tt  sight  might  beget  attention,  and  repeated  attention  b<L 
the    power  of  concentration.     You  mention  the  boy  and  the  girl 
together  ;   do  you  then  regard  them  as  equal  ? 

Music. — In  general :  the  sounder  the  society,  the  higher  the  resj  ><  <  -t 


I  i;  \i\i\i. 

In    particular  :    t  hrs«    .  JM-  •!  tt  toll*  are 
•I  Women  : 


I          TIlC  Sexes  art-  <|M-rt    t., 

i;  I1 

2.       I  no  sensil'l'  seen   the  brain- 

wei  in.  in  an.  I  \\IMII   jif..|M-r  allowance  it 

ti\.  difference    in    si/i     t.,r    man   and 
u«.:               i:                    I  :  I'-  arson.  \o|.  iv.  p.  160). 

I  is     ll«'    significant     difference     Letue.n     tli.      t  '\  -  ,    >e\es    in 

I       I         I          JUT.    N..I.    \  . 

Comment   is  superfluous. 

I 

Music.  —  Yon    '  i.nrsue  tin-    in<|i:  if  if  you  are 

111  aiix    doiiht  . 

ho.  —  To  all  tins  tli,  r,    is  an  iiiMinn<  Minlal.l.-  •  .l.j.  .  1  1-  ,n. 
M  ,  V.-s  .'  uliat.  pray? 

tram.  r.     To  secure  a  full  faculty  of  ol.s.-rving  and  a 
Cap.  •!>    ami   tlioniiii/hly  stimulating  the  cluNl  he-  woiiltl 

i\  a  la«ll<  i  ..ut   ..i   lacts.  but  a  man  of  insight. 
gperi.tlK     trainr.l    m    n  an<i    .Lahni;    with    a   clafts 

nsi«.iis.      i  tins  he  is  n.  .t  nirrrly  to  be  well  paid 

ill  his  rarly  «»utla\.  l>nt  r  in  s<x-ial  <  sti-nn. 

M  -  v  ..  .      Hut  is  he  i  n  >t  already  in  a  social  order  al»-  ,\  ,    t  IM    p.  -li?  i. 
•nsiness  ehief.  ..r  t  In-  pr-  d  man  ? 

I!M!\      n<»t  average     salaries  t  ideated 

nual  i^rant  se!i«  •«  >ls  .  .f  Se«  >t  land  in  l'.»l'j  13  were  :  — 


Masters  (IVin.-ipali  .  £189  13      I 

\  188     0     6 

Averaging  .  161     9     9 

Mistresses  (rnneipal)      .  96     0  10 

\Mstant)      ,  82     5   10 

Averai;inL;  88   16   11 

Th-  d    iiial.-    trainers,    nearly    half  of  them 

prin.-ip  1  between  £100  and  £15O  a  year  in  s.,l.t 

Th.  trainers.  <pnte  a  few  of  them 

principals,  received  between  £75  and  £100  a  year  in  sal. 

I     it  is.  a  fully  trained  drew  £8  a  week  or  less,  a  trained 

mistress  .TJ  shillings  a  week 
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W-.  Salarietl  Wh\  eall  them  salaries  '.'  \\  .IL-S.  you  mean  ! 
Ah.  hut  \vai1.  perhaps  Scotland  pax  s  her  secondary  schools  more 
suMicicntly  '.' 

Echo.—  1st    \  t  Mast.-rs  received  u?3  after  9  years'  service. 

•jnd  „  „         u  1 1  ..        „ 

1st   Assistant   Mistresses    ..  £118       „    8        „          „ 

2nd       „  „  „  £99       „    6        ,,          ,, 

Music. — The  trainer  is   therefore  esteemed  by  these  people   ,,f 
lighter  account   than  a  politician. 
.     That  is  evident. 

M  \    t    the  politician  cares   fof  the  bodies  and  the  trainer 

foi  the  spirit  .,f  the  child  ! 

.  Yet  here  is  the  point:  no  man  in  his  senses  will  prepare 
himself  keenly  for  observing  for  the  bare  chance  of  £8  a  week.  He 
could  come  out  quicker  as  a  business  man,  a  lawyer,  a  doctor,  or  a 
former, 

Music. — You  imply  that  the  wages  of  the  trainers  should  he  con- 
siderably raised  ? 

Echo. — Certainly  ;  more  than  doubled  to  achieve  your  surest  i.  .us. 
And  that  is  unlikely,  for  this  man  here  and  his  friends  hold  the 
office  of  the  trainer  in  relatively  slight  esteem. 

Music. — Nevertheless  what  is  said,  is  said.  Tell  me,  had  we  always 
coal  and  iron,  steam  and  electric  lights  ? 

Echo.—  No. 

Music. — Then  in  training  the  youth  you  desire  to  carry  him  step 
by  step  over  the  same  course  of  discovery,  allowing  him  himself  to 
re-make  the  several  advances  known  up  to  to-day. 

Echo. — That  would  certainly  be  of  help  to  the  youth. 

Music. — How,  for  instance,  an  electric  light  has  come  to  burn  ? 

Echo.— Yes. 

Music. — So  that  if  your  training  is  to  be  worth,  it  directs  attcnt  i< » 
not  to  the  end  facts  attained  but  to  the  gradual  trend,  passage,  and 
movement  of  humane  discovery.     Which  do  you  regard  of  the  more 
e-  .1 1  sequence,  the  passage  or  the  end,  the  corridor  or  the  hall  ? 

n. — You  cannot  reach  the  one  without  traversing  the  otl 
There f.  .1  <  I  should  say,  discovery  for  the  child,  facts  for  the  apprenti< 

Music. — That  is  to  say,  harmony  and  aim.     But  to  succeed 
either  a  teacher  requires  a  salary,  does  he  not  ? 

Echo.-\ 


I  i:  \!\' 

Music.— For  th«    trainer  should  be  just.     He  should  inquire  the 

reason  ni    <hstnrl>at  '..m  summarils    r«  pr«  ss  it.      If  one  boy 

accuse*  an*  1  to  brin^  uitiirw*  and  prove  Ins 

I  should  never  in'  -ut  listen  to  the  trial.     The 

class  becomes  tin  j 

Bcko.— -Yes,  that  IN  iiM-fnl. 

Afurir. — Ami  the  class  rules  should   be  determined   b\    tin-  Ijoym 

•u  themsi-Kcs.     They  shall  be  tln-ii-  own  governor*  and  s. 
silt-in  ii          u  heard  of  the  boy  of  eight  who  belonged  to  took 


• 
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318.— Exploration:  by.) C    iH.llraann. 

a  self-ruled  class,  and  was  asked  by  his  father  on  his  return  late 
day  why  the  mistress  had  kept  him  in  .' 

/    ;„;._ No. 

Aftmc. — He  replied.  "The  mistress  did   not  keep  me  in;    I  kept 
myself  in!" 

/  He  knew  he  had  overstepped  his  own  rules. 

Music. — If  the  powers  of  motor  choice  are  not  to  be  trained  and 
stimulated  in  south,  if  not  then.  s\  hen  ?      Trained  to  select  fn»m  their 

they  arc  enabled  in  after  scars  justls  to  elect  each  oth, 
positions  ,,f  responsibility  and  intlueiicc.  We  saw  the  outcome  of  a 
mauls  independence  at  Salamis  and  Marathon  and  Thermopylae,  m 
the  use  ot  the  K  .man  republic,  in  the  Scots,  in  the  Ssviss.  in  the  defence 
of  Lcyden.  in  the  colonists  of  Kh/al.eth  and  \ew  England,  in  the 
voyagers  of  Portugal  and  Holland  and  Norway,  Vasco  da  Gama  and 


808  Till      LIFE   OF   MATTK1I 

van  Diemen,  Xansen  and  Amundsen,  John  Cabot  and  Humphrey 
(.ilbcrt,  Pirie  and  Scott. 

/  ho. — Yes,  I  daresay.  The  actual  exertion  of  an  unfettered 
choice  and  individual  < •!< •<•!  ion  is  to  the  realisation  of  character  and  an 
«  \|M  rience  of  life  by  the  massefl  of  the  people.  Rely  upon  it,  truer 
actioii  arises  by  the  conflict  of  opinions.  And  any  thing  or  man 
\\hieh  deprives  oi-  prevents  or  nullifies  or  strangles  or  hampers  that 
nnfVttered  choice  and  action  is  a  waste  of  good  time  and  an  error. 
Is  this  so  ? 

Music. — Ay.  it  is  so. 

The  notrs  died  away  and  the  air  grew  quiet;  when  swiftly  to 
the  traveller  it  seemed  MS  though  t  he  space  of  t  he  dome  filled  once  rn<>r< 
and  became  the  heart  of  a  pulsing  beat  ;  far  away,  then  nearer,  ever 
nearer.  And  the  music  seemed  to  weave  and  gather  into  a  regular 
and  yet  irregular  tread,  tin  sound  as  of  thousands  of  feet  together. 
And  a  Voice  spake  and  sang  into  his  very  ear,  swelling  to  the  last 
chord  and  eddying  away,  like  the  water  on  the  bosom  of  a  river, 
like  the  sand  upon  the  foreshore  : 

"  Do  you  not  hear  them  ? 
The  unborn  nations  ! 
The  march  of  the  peoples  !  " 

The  traveller  shook  himself,  sat  up  and  peered  around.  All  was 
still.  Dusk  lay  between  the  pilasters.  Stiffly  he  groped  for  the 
entrance.  The  evening  star  was  bright  in  heaven.  "  It's  bett«  i 
out  here,"  he  breathed  in  the  cool  night  air.  "  It  was  a  dream," 
he  said. 
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Aon  m    in    BODY, 

Int..  tl  applieat  iw  of  lift-  it  i*  not  here  to  ei 

to  be  <l  be  shown,     Vet  itfebtit  rifbttoadd  a  Minpl< 

illiist  rat  i. MI  o:  <s  can  venl>   tl,.    law  for  huu«eif. 

Take  two  smooth  dean  discs  of   such  a  metal  as  aJuininium  aa 
pure  as  possibi. .  an. I.  .lit-  ng  them  some  weeks  in  the  dark. 

take  and  ml.  ODC  "I   tli.-in  l.riskly  i  ninute*  against  a  pi 

•nrttil  until  the  disc  feels  warinisli  t..  tin  sk 

then  plat  -e  it  and  the  other  iinrilhlx'd  disc  hide  by  side  on  the  hi  in  of  a 
photographic    |»lat.-.       Leave    them    i»o\\    l--r    ti\e    minutes   in    the    dark 

and  thm  <1  I  was  ruhbed  leaves  a  distinct  wi 

image  of  it s<  It .     I Irre  we  have— 

I      stimulus.      Siinpl.-  i 

2.  Matter  agitat«i  emanate,  or  pass  out  an  increase  or 

int.  nsUirati-.n  ..!'  its  internal  aetix  it  \  . 

8.  Result. — Stronger  inipr«-ssi«»n  on  a  |»h- .to^raphic  pi 

Tins  aetii'ii  comes  fi-Min  the  metal,  because  nothing  but  the  metal 

was  used.      The  action  is  neither  "  heat  "  n«»r  '    «  1«  et  i  JeH  v  .  '  hi   ^  i  •  B 

an  eler-  .n  l>e  passed  thi-Mii^h  the  disc  until  it  becomes  hot  to 

the  t-'iieli.  n..  linage  is  h  tt   up«»u  the  |>latc.      It  is  nut   •    h«»ht."  for  the 

tin-  «lark   si\   \\.-ks  |,i  i.  ,|    t. .  1 1,-    .  \pcnn  lent,  and  tin- 

proceeds  from  the  rubbed  disc  and   n»t    in. in  the  rout  n. I  one. 

It    is   HM(    "  cli.  lineal   aeth-li."   |M|-  the   radiatiMii  paSSCS  ri^'llt   thnnigll  t«. 

the   photographic   plate   CVCB    \\hen   tl  ••  are  separa 

I   thin   him  of  I. lack   paper.       It    IN  i,  T  a  IliaglH  t 

does  n<>t  eii.mj.  tile  ph.. t-. graphic  plate  in  this  way. 

/me  u;  does  tin    same.      Hisinuth  upon  bismuth.  hnw« 

Iea\<  s   n.  .t    a   \\lnte  hut   a  black   linage  of  itself. 

I  b   n..  ditlieultx    m   \<ril\m^   this  ,  \permieiit.      AIIXMIU-  can 

i\  and.  J.I. m-  it.  leave  it  in  a  dark  room  upon  a 

photographic  plate. 

NO>N  .  if  an\  on.  jlesires  to  rail  this  new  quality  "  activity."  ranging 
it  \\ith  "  heat  "  and  M  elect  ricit  \  ."  In  ma\  .  l"i'  t  -do  that  is  a  mistake. 
1  :  there  is  u,,  such  s,  -pai-ate  entity,  but  Minplx  aetise  matt.  r.  A  COld 
disc  <  nuts  but  little  act  i\  it  \  ;  a  rubbed  disc  emit  N  a  marked  activit\ . 
Or,  to  put  it  bluntly,  the  penny  is  ah\c.  And  everything  el- 
same  in  tins  req 

The  world  is  a  live  world. 


:no 
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Fio.  319. — Aluminium  disc  and  aluminium  plate. 


(I'hotot  fry  8.  Finyland,  (llntgow.) 

Fio.  320. — Two  perforated  discs  of  aluminium  are  laid  on  a  photographic  plate  in  the 
dark,  one  unrubbed,  the  other  rubbed  on  an  aluminium  plato  of  th<<  num. 
— all  in  the  dark. 

The  action  of  the  disc  is  ntf-n-ly  int«-nsilif|  l»y  tin-  friction. 

The  dotted  circle  indicates  the  position  \vh<-r<-  the  unrubbod  disc  was  lai<l  on  th«-  pli 
graphic  plate. 

Fio.  321. — Action  of  rubbed  disc  (in  the  dark)  on  photographic  plate,  penetrating  even 
through  a  film  of  black  paper. 


ACTIVITY   OF   HOI>\  .ill 

Hiitth.  r.    I.IM.I.    in  it   Hi. ui  111.  .        \s  \s.    DOted  an  I n i|HI iw 

xxhirh    pi.  ires;     tin-  iirtnm    In. in   tin     iiu  tal   pirrrrs   thnnigll  |mprr 

slowly  i    magnet    towards  !,.!   the 

ncrdl.  .   |.»ng  way  off  and  sudd* -nix    jumps   through  spa«  • 

mc<-t  it  :   ..r  thr  action  ..r  ii^i.t  i.  a|Mi  from  tin-  MU.  «-iirt!i.     On 

•  thrs,  ix  on  something ! 

"  1  u  poii  a  breakwater  and  watch  the  waves  as  they  come  rolling 
in.  xxith    a    t  fin- 1    against    it,    an. I    r.  .-.  .ihnu»    out    once   more. 

\\  J.-h  that  wave!     It   m-  •niiiL'  111.     They  both  M 

to  stop  f«»ra  srf.inii.  an. i  thm  \ oU  s, ,  >t  <|IM  n^aL'.  an.i  emerfi  n 

I.  as    i!    n..thini/   had    ha;  -.11    is   trax'llin^   in 

tin-  uat.i,  thoii-.!,  the  .rlf  «|IK«S  not  travrl.  hut  simply 


<  *firaph  revealing  the  in vuable  Body,  or  Fulneaa,  which 

in   ii««    nt  in  mil 


>n<l<l.i\vn.      I.i  t  us  call  it  strain  ;  and  it  is  on  the  Ixxly  of  the  water 

that    th«-  strain  t  rax  «-|s. 

ilarlx.   "  sparr  "  is  in  n-ality   Hody.      To  set  aln.iit   proving  this 
is    lir\..ii.|    ,MII-    c..ni|>ass.      Sul!  >ay    that    this    H.M!\ 

ph-tto^rnph,.,!.    ;ill,|    let    ns    in.xx    OOQSkl  'leh    ph«  »t«  -uraph.    • -f  a0 

NS.       It     is    a    snapshot     takin    l»\  \   -.    I    (.nilira 

I  It  sh  I  in  the  process  <>'  pitehetl 

i  t.-nts  ami  s.  Tin-  shad-ixx  ..t'  thr  man  in  the  foreground 

ist  hut  shi:htl\  to  the  north,  from  xvlneh  x\r  max  .!«.!  •  h« 

sun    is   hi^h    in    the   lira,  9                   :xas   is   sprrad  out    iM-snIr   him. 

an-i    in    tin     ininx.i  in. I    the   ea                    a    man; 

throxxn  up  to  e\p«-  -NO  uprujht  polrs  and  top  (  n>ss-j>olt  .  Hut 
th«  photograph  hrim;  •!«  \.iopcd  somcthini;  else  is  observed— * 

xhadoxx-x    xxhiti  •  imaye      tlinuii:h  xvhii-h  M-«-  t  hr  ranvms. 

What   is  this?       Inters«-etin  tx\o  I, lark   Inn  s.  and  *S  t  lu  s«    h- 

line  xx  it  h  tin   two  upright  |x»les  of  tin-  i  x  et,nrlud«-  that 

We    have    here    a    ivllretion    or   li^ht    i -.  VCT8C  of   the    inner    sitlr    of   thr 
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marquee  with  the  two  upright  poles.  But  \\hat  is  it.  cast  ..u?  it 
not  visible  when  the  photograph  was  made,  hut  only  aft<  r  the  iilm 
was  developed.  Yet  it  rests  on  something.  We  conclude  that 
between  the  eye  of  the  camera  and  the  working  party  there  is  a 
substance  or  body,  invisible,  impalpable.  t<»  the  human  senses,  bnt 
visible  to  the  eye  of  th«  a.  In  other  \\«»r<K  I  he  llody  in  which 

we  live  can  be  photographed. 

To  go  a  little  further.  If  activity  can  1»«  |>n>\«  n  at  any  part  of 
Nature,  then  the  changes  of  Nature  are  purposeful,  and  tin-re  exista 
s«»me  Aeti\e  Drive  within  it,  a  Continuous  Being  or  Body  struggling 
for  a  higher  expn  -Mon. 

Tin-  \\hole  Body  being  continuous,  each  action  of  each  part  is 
felt  reverberating  throughout  the  whole,  or.  in  the  poetical  language 

arher  days,  not  a  sparrow  falls  to  the  ground  unseen,  unfelt.  mi- 
forgot  ten.  And  more,  even  if  a  single  part  or  individual  act  in  a 
mistaken  way,  the  action  docs  not  end  there,  is  not  confined  to  itsrlf, 
but  agitates  the  other  parts,  which  in  their  turn  react  upon  and.  in 
SOUK-  way  yet  unknown,  compensate  for,  and  thus  indirectly  control 
the  erring  part.  On  this,  man  is  a  free,  yet  not  independent,  part  of 
a  Body — or,  in  the  words  of  Christ,  we  are  the  sons  of  a  Father. 

But,  it  may  be  objected,  if  there  be  an  Active  Drive  in  a  continix  ms 
substance,  then  it  is  responsible  for  the  evil  as  well  as  for  the  good  in 
the  world  :  we  are  evil,  because  the  Great  Evolver  is  evil ;  or,  to  put 
it  another  way,  there  is  no  evil  at  all ;  the  ant  that  kills  a  not  her.  t  he 
trout  devouring  the  spawn  at  the  mouth  of  the  burn,  the  Nero  as  he 
murders  his  mother,  being  all  equally  the  products  of  evolution. 

The  objection  is  shrewd,  but  it  shatters  on  the  responsibility  of 
man.  If  the  man  Nero  was  active,  then,  though  the  aroma  of  the 
palace  had  hung  heavy  upon  him,  he  was  still  free  to  fall.  As  indeed 
so  is  every  man  of  us. 

An  Active  Drive  no  more  precludes  the  activity  of  the  several  parts 
than  a  chief  of  a  business  is  wrong  and  inept  in  allowing  free  latitude 
to  his  subordinates  to  conduct  transactions.  Hence  the  liberty  "I 
the  parts  to  move,  the  sudden  explosion  of  a  volcano,  the  falling  of  a 
good  man  by  lightning,  or  the  success  of  an  unjust  man,  affords  ttO 
necessary  argument  against  an  ever-growing  purpose  in  the  Univ< 
The  tr«  < -doin  of  the  part  need  not  be  an  argument  for  chance,  but 
against  it.  And  as  a  straining  upwards  of  freely  contending  parts 
can  never  rest,  can  never  be  devoid  of  pain,  suffering  and  death  are 
no  disproofs  of  an  Active  Drive.  Design  expresses  itself  through 
struggle,  as  a  child  is  born  by  travail.  And  to  the  question,  Are  not 


Arm  in    MI 

•  \  Im-s  hut  the  iluttcringiof  tbemotli  mt-.  the  ,  .,-..11.    the  rain 
1  restless  hn-akinjjs  •  •!  the  waves  upon  the  rocks  'r  th<  n-  comes  reply. 

To  Stii\r  up \sanU  U  lt>«  ml. 

Iii  a  *A  .-.I,   it  is  safe  i  average  man   in   th<-  street  and 

woman  '  h rough 

i  thn.u^h  in  ill  IT 'wn  mother-earth  to  the 

lark  as  it   sin^s   int..   '  i  Man  and  earth  is  an  animate 

'itain  ;    rach  drop  rises,  sparkles  in  tin    sunlight,  <-ur\«s  an<i  fall*, 

•  •UK  t..  >M  rcabsorlx  d  in  the  perpetual  n»..ti..n.      |-  .  \\.,Hds  and  *un* 

int..  MM.,  k« .  ,,nl\  torcappeur  in.  .tin  pie  guise  and  beat. 

Hut  to  -i.  it\    i-  I-  \,.!,,i  us.     It  is  measurable,  that  is  all. 

( )ur  shall.. \\  soundings  will  .(  IK.III  t  he  surging  of  ' 

I  >-'l>.     l,  Js.iNMthm.     \\t-shall  seek  knowledge  us  httlr  chiMren. 

I        truth"!'  \.ti\it\   i.  n<  I.  TS  it  unpossihlc  fnr  any  scientist  rtrr 

how-  great  HIM!  al»l< .  t..  |,..t  the  I'lnvcrse  as  the  cook  pot.s  jam  ; 

.  as.  »M  reels  back  baffled  and  the  imagination  faints. 
In  tin   wrordl  ..f  th<  Smttisi  •  The  heart's  aye  the  part  aye,  that 

\\  |    an. I  IP  ;  Is   ; 

the    \nl  ..hsruiniL!  «.ur  ryes  \sill  nc\cr  IM-  n-nt  in  twain  from  the  \ 
t"|>   t«»  tin  -ttMiii.      \Vt-  struggle  and   fall  and   ris<  .   all   IMTIM 

uithm  tin    hollow  of  soi  n<    Mi_'ht\    Hand,  that  st  rives  and  suffers  and 

^  and  in. >\  rs  «»n.     \Ve  are  ev  d  l>ack  to  the  resounding  v 

.»!'  the  Hrhr« 

"  Caiwt  thou  March  out  the  depths  of  God  ? 
Or  find  tho  Almighty's  limits  T 
The  heights  of  heaven  •  CAIIM  thou  do  T 

Deeper  than  hell !     What  canat  thou  know  T 
Longer  thai.  ue  measure, 

than  Ocean." 

In  tin-  llanir  •>!'  \Mi..s.-  (  ..iint.  nanc.    a  man  dare  but  trust  and  pray, 
rails  us  each  by  na 
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Functional  diversity,  147. 
Fusion -grafting.  173. 

Gallium,  discovery  of.  11. 

Galls,  176. 

G*Jvanotr.>|.is- 

Gases,  atomic  theory  of,  85. 

Geese,  correlation  iii.  151. 

Geikie.  Archibald.  20,  21. 

Geographical  discords.  128  el  stq. 

George*  Henry,  97  (note),  267. 

Germ  theory  of  Weismnnn.  111. 

-tissues  of  plant*,  animals,  and  man,  151. 

Germanium,  discovery  of,  11. 

Gigantic, 

Giraffe,  possible  evolution  of  neck  of,  142. 

Glasgow,  consumptives  in,  270. 

Glass,  explosive  qualities  of,  22. 
Gnat-mimicry  of  wasp,  55. 
Gneiss,  formation  of. 
Gold,  diffusion  of,  into  lead,  19. 

tenacity  of,  28. 
Goldschmidt,  64. 
Gooseberry,  varieties  of,  153. 
Gould,  Alfred  Pearce,  249. 
<:rain,  128. 

Granite,  transformation  of,  20. 
Graphite,  16. 
Gravitation,  law  of,  37. 

of  falling  body,  87. 

Gravity  and  centrifugal  experiments,  65. 
and  motion,  87. 
electrising  motion  and,  94. 
influence  in  growth  of  plant,  65. 
Gray,  Asa,  114. 

Great  Britain,  infant  mortality  in,  257. 
Grove,  17. 
Guaita,  G.  von,  205. 
Guillaume,  25. 
Guinea-pig,  transplantation  of  ovaries  in, 

112. 
Gun-cotton,  Bottger's  preparation  of,  17. 

discovery  of,  16. 
Gyroscopic  compass,  88. 

Hamburg  hen,  divergence  and  retention 

in,  158. 

Hamilton,  William,  125. 
Hansemann,  von,  247. 
Harden,  Max,  103. 
Harmonious    adaptation,    Weismann    on, 

116. 
Harmony  as  distinct  from  Aim  in  training, 

So, 

Harvey,  William,  48. 
Heart  strain,  189. 
Heat  action,  21,  22. 

and  chemical  union,  43. 

and  cold  experiments,  65. 

and  Joule's  experiments,  97. 

and  work,  relation  of,  100. 


Heat,  Rumfonl  <>n  nature  of,  95. 
Heat  in-  ainl  .loot  rising,  89. 
and  liL-htinj.  89. 

motimi  an. I.  SS. 
Heat-stniin.  L'l. 
Height,  five  classes  of,  17  J 
Heights  of  fathers  and  sons,  17:5. 
H«-li«it  P'IIIMII.  66. 

H.-lniin.  hi -tory  of  its  discovery,  11. 
Helmholtz,  Hermann,  97  (note). 
Hen's  eggs,  weight  of,  183. 

H- Military  ranr.-r.  lM'.». 

determinants,  1  I::. 
Hold  in  man,  17*. 
Heredity  a  fora  oi  H..I.I.  I7:t.  176. 

germ  theory  of,  1  1 

mmatx.n  in  Nature,  51. 

fecundity  of,  51. 
Herschel,  17,  40,  41,  89,  I 
Hertwig,  Oscar,  43,  104,  246. 
Harte,  122. 
Hesse,  Otto,  247. 
Hewitt,  Mr,  63. 
Hillebrande     and     analysis    of     u  ran  inn 

minerals,  1 1 . 
Hoff.J.  H.  van't.  1 ::. 
Hold,  187. 

and  Divergence,  173. 

definition  of,  173. 

hereditary,  examples  of,  176. 
Horse,  calculating  powers  of,  107. 

evolution  of  foot  and  hoof  in,  48. 
Hospital  farms,  72. 
Housing  in  Scotland,  261. 

relation  of,  to  germ  theory,  261. 
Hunter,  John,  61,  252. 
Hutchinson,  Archibald  C.,  194. 
Hydrochloric  acid,  11. 

electric -strain  on,  30. 
Hydrogen,  8. 

a  divergent  form  of  water,  242. 

iodide,  43. 
Hyracotherium,  49. 

Ice,  expansion  of,  127. 

-formation  hastened  by  tapping,  19. 
formation  of,  127. 
melted  by  friction,  95. 

iLMioranr.-.  Shakfsp.-an-  <m,   ll'L*. 

Illusions,  optical,  162. 

Inbreeding  a  test  of  tissue-change,  204. 

Darwin,   Wallace,  and    Weismann    on, 
204,  205. 

effects  of,  Mr  Cross  on,  208. 

strain  of,  Mr  M'Dougall  on,  208. 
In.  in.|.  -.  . ni  mantles,  cerium  in,  18. 

thorium  in,  18. 
In- -itia  to  surroundings,  270. 
Infant  mortality.  254  et  aeq. 

mortality  in  Birmingham,  chart,  259. 
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spectral  line  of.  36. 
LivmgMone.  David.  22. 
Lobster,  regeneration  of.  61. 
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Lowberry.  155. 
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Luinbriculus  worm,  regeneration  in.  61. 

possible  origin  of.  154. 
Lung-  or  mud -fish.  129. 
Lyrll.  Charles.  20. 
Lyra,  ring  nebula  in.  39. 

M •Dougall.  D..  208. 
Macewen.  William.  245, 
Magnesium,  alternating  states  of.  33. 
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MagniiiJim  and  light 

Mittniuiii  bonum  plant.  153. 

M.il-  p.  tv.n.d, -.  :;,,;, 

Malthus*  EMoy  on  Population.  57. 

Mammoth,  tusks  of. 

Man.  chanpn  ,-q. 

Mangold*.  i.,.i.,^,  m.  80. 
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M.u.x  .  .it.  I  1:1 
Marhlo.  II  20. 
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Marco,,,.  GuUelmo,  122. 

Match.  phosphoresce!  j,  89. 

Mathematical  faculty.  Wallace  on.  57. 

M.IM.T.  .-I. .  n,.  .  homi<  nl  iv  lion  of,  ::<>. 
forces  of,  Faraday's  vie* 
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law  of  activity.  1  • 
litfht  and  darkness  action  i,f.  28. 
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physico  chemical  .  29. 

v.  I  '  UK -t  on,  103. 

•i. imp  sheep,  159. 

K-fll.  -Fames  Clerk.   l<»2.    I 
Mayo.  William  H.. 
Mealworms,  length  of,  183. 
Mean-timirc.  213. 
Mechanical  action,  19. 

agitation  of  plants,  64. 

mi.  193. 
M.-iiu.ry  and  will.  109. 

duration  of.  in  animals.  109. 

trail 

Mendcleeff.  Dmitry,  9. 

MO  wool,  159. 
Mesohippufl,  49. 

Metals,  action  of  cold -strain  on  brenki  re- 
strain of,  31. 

breaking-stress  of,  31. 

diffusion  of,  18. 

fatigue  of,  42. 

flow  of,  19. 

melting-point  of,  18. 
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tenacity  and  hardening  of,  i'  I . 
Metamorphism  of  rocks,  20. 
Meteorites,  possible  carriers  of  life.  4.r>. 

system,  183,  213. 
Mey  .  9. 

Mice,  cancer  in,  250. 

protective  colouration  <>t 

whisky  experiment  on.  77 
Michel.  Commandant  de,  17. 
Milk,  tubercle  hacilli  in.  261,  262. 
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Milking  cows,  breeding  of,  158. 
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Mutation  theory,  155. 
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Naked-eye  observation,  L 
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159. 
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Necessity,  Schopenhauer  on,  106. 
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Nerve,  56. 
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ments, 27  I 
motor  and  sensor}-. 
Newlands,  J.  A.  R.,  9. 
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Newton,  Isaac,  37,  94. 
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Radium,  hi  HI  i  try  of  its  discovery,  1 1 
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r.  75. 

Rainbow,  colours  of,  36,  I  T" 

VVillium.  28* 

and  the  discovery  of  argon  gas,  II.  I  :i. 
Range  upon  mean,  213. 
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Reasoning,    analytical,    aft.-r     ii.-H     and 
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•eqoenoe  of,  i'.|('. 
Ran  ndenanoc  ol  oaooer,  _ »'.». 

Red  hair  an. I  M.TV.US  temperament.    I  "•  I . 
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Result,  meaning  of. 
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Walker's  instance  of.    I  T.'i. 
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immunity  of  Egyptians  to,  82. 
Rh\  thmical  divergence,  178,  179. 
Rice,  differences  in.  1 .".  J 
varieties  of,  147. 

toann,  electrocution  of,  194. 
Rifle  training,  300. 
Ring-pheasant,  crossing  of,  181. 
Ritzema  Bos,  205. 
Riveter's  ear,  189. 
Rivets,  shrinkage  of,  25. 
Robert-  tarten,  is.  n». 
Robertson,  Dr  John,  258,  260. 
Rock-change,  Judd  on,  20. 
Rock-pigeons,  180. 
Rooks,  "  metamorphism  "  of,  20. 

transformation  of,  20. 
Roentgen  rays,  72. 

discovery  of,  11. 

See  alxo  X-rays. 
Rolf,  the  Mannh.nn  -I.,-.  107. 
Romans,  secret  of  th«»ir  j>ower,  59. 
Rose.  155. 

Koutine,  Pearson  on,  106. 
Ku'linientary  organs,  origin  of.  I  \"< 
Kntnfonl  on  nature  of  heat,  95. 
Rutherford,  Ernest,  13,  101. 
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Seebeck,  89. 
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Sense-  a  of,   I  •'•!  . 
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Sex-difference,  3<>.~>. 
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Shakespeare,  122. 
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Shock,  194. 
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conductivity  of,  28. 
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